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ABSTRACT
The o b j e c t i v e s  o f  t h i s  s tu d y  were t o  d e te rm in e  t h e  e f f e c t s  on 
i n t e r r i l l  e r o s io n  and r u n o f f  o f :  (1) v a r io u s  r a t e s  o f  s u r f a c e  s t r a w ,  
(2) v a r io u s  r a t e s  o f  in c o r p o r a te d  s t r a w ,  and (3 )  v a r io u s  r a t e s  o f  
in c o r p o r a te d  s t r a w  o v er  two l e v e l s  o f  s u r f a c e  s t r a w .  A randomized 
b lo c k  d e s ig n ,  a com ple te! ;  randomized b lo c k  d e s ig n  and a 4x2 f a c t o r i a l  
u s in g  a randomized b lock  d e s ig n  was u sed  f o r  o b j e c t i v e s  1, 2 and 3,
r e s p e c t i v e l y .
Grenada s i l t  loam s o i l  was p lace d  i n  a 0 .9 1  by 0.91-m s o i l  pan w ith  
a c e n t r a l  0 .4 6  by 0.46-m t e s t  a r e a .  The s o i l  pan  was on 2.5% s lo p e .  
S im ula ted  r a i n f a l l  a t  64 mm/hr was a p p l i e d  i n  a s e r i e s  o f  ru n s  f o r  each  
t r e a tm e n t .  The s e r i e s  o f  ru n s  c o n s i s t e d  o f  an i n i t i a l  60-m inu te  "dry" 
ru n  fo l low ed  i n  24 ho u rs  by two 30 -m inu te  ru n s  ("w et"  and " v e ry  wet"  
r u n s )  s e p a r a t e d  by a 30-m inute i n t e r v a l  w i th o u t  r a i n f a l l .
I n c r e a s in g  r a t e s  o f  s u r f a c e  s t r a w  from  0 t o  8 t / h a  r e s u l t e d  
i n  d ec rea sed  r a t e s  o f  s o i l  l o s s ,  b u t  caused  l i t t l e  change i n  r u n o f f .  
T here  was i n s u f f i c i e n t  ev id en c e  to  conc lude  t h a t  i n c o r p o r a t e d  s t r a w  
a f f e c t e d  any changes in  e i t h e r  s o i l  l o s s  o r  r u n o f f  f o r  any l e v e l  o f  
s u r f a c e  s t r a w .
In c o r p o ra te d  s t r a w  had no e f f e c t  on r u n o f f  o r  s o i l  l o s s  i n  t h i s  
s tu d y  b ecau se  o f  t h e  s u r f a c e  s e a l i n g  o f  t h e  Grenada s i l t  loam s o i l .  
R esea rch  was l i m i t e d  t o  th e  i n t e r r i l l  component o f  t h e  e r o s io n  p ro c e s s .  
F u tu r e  r e s e a r c h  shou ld  in c lu d e  s t u d i e s  on t h e  e f f e c t s  o f  in c o r p o r a t e d  
s t r a w  on r i l l  e r o s io n .
x i i i
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EFFECTS OF STRAW RESIDUES ON SOIL EROSION 
by
K e i th  C. McGregor 
INTRODUCTION
Advances i n  chem ica l  weed c o n t r o l  tech n o lo g y  i n  r e c e n t  y e a r s  have 
a llow ed many fa rm ers  t o  e i t h e r  e l i m in a t e  o r  m in im ize  t i l l a g e  p r a c t i c e s .  
N o - t i l l  fa rm ing ,  i n  which c ro p s  a r e  p l a n t e d  I n  r e s id u e s  l e f t  from th e  
p re v io u s  s ea so n ,  i s  g a in in g  a c c e p ta n c e  th ro u g h o u t  t h e  c o u n t r y .  This 
p r a c t i c e  h as  th e  g r e a t e s t  p o t e n t i a l  f o r  e r o s io n  c o n t r o l  from among a l l  
th e  management system s p r e s e n t ly  a v a i l a b l e .  E ro s io n  i s  red u ced  b ecause  
o f  p r o t e c t i v e  co v e r  l e f t  on t h e  s u r f a c e .  N o - t i l l  a l s o  re d u ces  e r o s io n  
because  o f  minimum d i s tu r b a n c e  o f  t h e  s o i l .  The c ro p  i s  p l a n t e d  i n  
narrow s l o t s  opened i n  t h e  s o i l  by r o l l i n g  c o u l t e r s  o r  s m a l l  c h i s e l s ,  
and no secondary  t i l l a g e  i s  done.
More r e s e a r c h  i s  needed on how t o  manage c ro p  r e s id u e s  f o r  maximum 
p r o t e c t i o n  i n  n o - t i l l  sy s tem s .  R esea rch  i s  a l s o  needed i n  managing c ro p  
r e s id u e s  i n  r e d u c e d - t l l l  systems t h a t  may be a p p l i c a b l e  I n  a r e a s  where 
n o - t i l l  may n o t  be an a c c e p t a b l e  management a l t e r n a t i v e .  C o n t in u a t io n  
o f  n o - t i l l  a l s o  may n o t  be d e s i r a b l e  b ec au se  o f  u n iq u e  problem s w i th  
i n s e c t  p o p u la t io n s ,  c ro p  d i s e a s e s ,  and u n c o n t r o l l e d  growth o f  weeds 
o v e r  a p e r io d  o f  many y e a r s .
R esearch  d a t a  a r e  needed t o  q u a n t i f y  t h e  amounts o f  r e s i d u e  t h a t  
shou ld  be in c o r p o r a te d  o r  l e f t  on th e  s u r f a c e  f o r  v a r io u s  reduced
1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
t i l l a g e  sys tem s .  Reduced t i l l a g e  system s may c o n s i s t  o f  one o r  more 
o p e r a t io n s  w i th  Implements such a s  d i s k s ,  c h i s e l s ,  and " d o - a l l "  
c u l t i v a t o r s .  These systems may a l s o  c o n s i s t  o f  s e p a r a t e  o p e r a t i o n s  
w i th  two o r  more im plem ents. More r e s e a r c h  i n f o rm a t io n  i s  needed  on 
how t o  manage crop  r e s id u e s  f o r  e r o s io n  c o n t r o l  d u r in g  t h e  seedbed  
p r e p a r a t i o n  and e a r ly  growing p e r io d  when th e  l a n d  i 3  p a r t i c u l a r l y  
v u ln e r a b le  t o  e ro s io n .
S t a t i s t i c a l  p r o b a b i l i t i e s  b ased  on h i s t o r i c a l  r e c o r d s  ca n  be g iv en  
f o r  d u r a t i o n s ,  amounts and i n t e n s i t i e s  o f  r a i n f a l l  f o r  d i f f e r e n t  a r e a s  
o f  th e  c o u n t ry .  But no a p p r e c i a b l e  ch an g es  can  be  made i n  r a i n f a l l  
c h a r a c t e r i s t i c s .  S o i l  can be c l a s s i f i e d  a c c o rd in g  to  i t s
s u s c e p t i b i l i t y  t o  e ro d e ;  however, a f f e c t i n g  s i g n i f i c a n t  changes  i n  t h e  
i n t r i n s i c  e r o d i b i l i t y  o f  s o i l s  i s  n o t  p r e s e n t l y  e c o n o m ic a l ly  f e a s i b l e .  
I t  i s  a l s o  n o t  p r a c t i c a l  t o  low er s lo p e  g r a d i e n t s  which a r e  to o  s t e e p .  
E f f e c t i v e  s lo p e  le n g th s  can be red u ced  i n  some f i e l d  s i t u a t i o n s  by 
i n s t a l l a t i o n  o f  t e r r a c e s .
The m ost e f f i c i e n t  way t o  re d u ce  s o i l  e r o s i o n  o f  a g r i c u l t u r a l  lan d  
i s  t o  u s e  a com bination  o f  t i l l a g e  and c ro p p in g  p r a c t i c e s  t h a t  re d u ces  
t h e  amount and frequency  o f  t i l l a g e  a s  much a s  p o s s i b l e  w h i le  
maximizing th e  amount o f  c ro p  r e s id u e s  l e f t  on t h e  s o i l  s u r f a c e .  Any 
change i n  c u l t u r a l  p r a c t i c e s  t h a t  p ro v id e s  i n c r e a s e d  p r o t e c t i v e  co v e r  
a lm o s t  always red u ces  s o i l  e r o s io n .
R a i n f a l l  and r u n o f f  a r e  d r i v i n g  f o r c e s  t h a t  r e s u l t  i n  t h e  e r o s io n  
o f  a g r i c u l t u r a l  lan d .  C lim ate  i s  th u s  a m ajo r  f a c t o r  a f f e c t i n g  t h e
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e r o s io n  p rocess*  P o t e n t i a l  f o r  e r o s io n  v a r i e s  a c r o s s  t h e  c o u n t ry  
depending  upon th e  d i s t r i b u t i o n  and i n t e n s i t y  o f  r a i n f a l l  th ro u g h o u t  
th e  y e a r .  Some a r e a s  have more r a i n f a l l  t h a n  o t h e r s .  E ro s io n  can  be 
reduced  by s e l e c t i n g  c ro p p in g  and t i l l a g e  p r a c t i c e s  t h a t  m in im ize  th e  
e f f e c t  o f  t h e  e r o s iv e  s to rm s .  P r o t e c t i v e  r e s i d u e  a n d /o r  canopy co v e r  
and a s  l i t t l e  s o i l  d i s tu r b a n c e  a s  p o s s i b l e  i s  needed  d u r in g  p e r io d s  
when th e  most e r o s iv e  storm s a r e  ex p e c te d  to  o c c u r .  C ontinued  r e s e a r c h  
t h a t  q u a n t i f i e s  e r o s io n  u n d er  v a ry in g  c l i m a t i c ,  to p o g ra p h ic ,  s o i l  ty p e ,  
t i l l a g e  and c ro p p in g  management c o n d i t i o n s  w i l l  u l t i m a t e l y  r e s u l t  i n  
improved e r o s io n  c o n t r o l  recom m endations.
T here  a r e  g e n e r a l l y  two ap p ro ach es  t o  s o i l  e r o s i o n  r e s e a r c h .  One 
approach  u t i l i z e s  f i e l d  p l o t s  and s m a l l  w a te r sh e d s  u n d e r  n a t u r a l  
r a i n f a l l .  Hie p e r io d  o f  d a t a  a c cu m u la t io n  t e n d s  t o  become very  
le n g th y ;  u s u a l l y  a minimum o f  t h r e e  y e a r s  i s  r e q u i r e d  t o  e n su re  
m ean ingfu l r e s u l t s .  Measurements o f  many v a r i a b l e s  may be  made, b u t  
c o n t r o l s  e s t a b l i s h e d  f o r  o n ly  a few . A no ther  ap p ro ach  makes u s e  o f  
r a i n f a l l  s im u la to r s  w i th  e i t h e r  s m a l l  p l o t s  l o c a t e d  i n  f i e l d  a r e a s  o r  
s o i l  pans  i n s i d e  th e  l a b o r a t o r y .  Hie l a t t e r  ap p ro ach  a l lo w s  c o n t r o l  
o v e r  more v a r i a b l e s  w i th  s h o r t e r  p e r io d s  o f  d a t a  a c cu m u la t io n .  Both 
app roaches  a r e  u s e f u l .  More s o p h i s t i c a t e d  e q u a t io n s  o r  a d a p t a t i o n  o f  
p r e s e n t ly  used  e q u a t io n s  f o r  w id e r  and more a c c u r a t e  p r e d i c t i o n  ca n  be 
made a s  new in fo rm a t io n  g a in ed  from b o th  r e s e a r c h  ap p ro ach es  i s  proven  
a p p l i c a b le  f o r  d i f f e r e n t  r e g io n s ,  c l i m a t e s  and s o i l s .
Small l a b o r a t o r y  s t u d i e s  i n c r e a s e  knowledge o f  t h e  b a s i c  m echanics 
of s o i l  e r o s io n ,  b u t  a p p l i c a t i o n  o f  t h e i r  r e s u l t s  t o  l a r g e  s c a l e
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p r e d ic t i o n  o f  s o i l  l o s s  i s  d i f f i c u l t .  R e g a rd le s s  o f  t h e  n a tu r e  o f  a 
l a b o r a to r y  ex p e r im en t ,  f i e l d  s i t u a t i o n s  can n e v e r  be e n t i r e l y  
s im u la te d .  F u rth erm o re ,  d u p l i c a t i o n  o f  ex p e r im en ts  w i th  changes made 
i n  some o f  th e  c o n t r o l l e d  v a r i a b l e s  show th e  i n t e r a c t i v e  n a t u r e  o f  such 
v a r i a b l e s .  There a r e  so many v a r i a b l e s  and co m b in a t io n  o f  v a r i a b l e s  to  
be c o n s id e re d  t h a t  p r o g r e s s  tow ard  p r a c t i c a l  s o i l  l o s s  p r e d i c t i o n  w i th  
r e s u l t s  from l a b o r a t o r y  ex p e r im en ts  i s  v e ry  s lo w . N e v e r th e le s s ,  such  
s t u d i e s  a r e  v a l u a b l e ,  p a r t i c u l a r l y  i n  l e a r n i n g  more ab o u t  th e  e f f e c t s  
o f  s e l e c t e d  v a r i a b l e s  on s o i l  e r o s io n  i n  i n t e r r i l l  a r e a s .
L ab o ra to ry  ex p e r im en ts  can  p ro v id e  in f o rm a t io n  on t h e  e f f e c t s  o f  
d i f f e r e n t  r a t e s  o f  r e s id u e  i n c o r p o r a t i o n  on  e r o s i o n  a s  w e l l  a s  the  
e f f e c t s  from d i f f e r e n t  s u r f a c e  t o  In c o r p o ra te d  r e s i d u e  r a t i o s .  This  
in fo rm a t io n  co u ld  be a b e g in n in g  p o i n t  f o r  d e s ig n in g  s p e c i f i c  red u ced  
t i l l a g e  system s f o r  s p e c i f i c  ra n g e s  o f  a c c e p t a b l e  s o i l  l o s s e s .  The 
S o i l  C o n se rv a tio n  S e rv ic e  g e n e r a l l y  recommends a t o l e r a n c e  l i m i t  f o r  
s o i l  l o s s  t h a t  ran g es  from ab o u t  4 t o  11 to n s  p e r  h e c t a r e  ( t / h a ) .  
These t o l e r a n c e  l i m i t s  a r e  based  on th e  amount o f  e r o s io n  t h a t  can  
occur  w h i le  t h e  p r o d u c t i v i t y  o f  t h e  la n d  i s  s u s t a i n e d .
S p e c i f i c  o b j e c t i v e s  o f  t h i s  r e s e a r c h  s tu d y  were:
1. To d e te rm in e  th e  e f f e c t s  o f  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  
r e s id u e  (0 t o  8 t / h a )  on r u n o f f  and s o i l  l o s s .
2. To d e te rm in e  th e  e f f e c t s  o f  d i f f e r e n t  r a t e s  o f  s t r a w  r e s id u e  
(2 .2  t o  9 .0  t / h a )  i n c o r p o r a t e d  i n  t h e  t o p  9 cm o f  s o i l  on 
r u n o f f  and s o i l  l o s s .
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3. To d e te rm in e  t h e  e f f e c t s  o f  d i f f e r e n t  co m b in a t io n s  o f  s u r f a c e  
s t r a w  and in c o rp o r a te d  s t r a w  on r u n o f f  and s o i l  l o s s .
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REVIEW OF LITERATURE
U n iv e r s a l  S o i l  Loss E q u a t io n
An u n d e r s ta n d in g  o f  th e  r o l e  o f  p lacem ent o f  c ro p  r e s id u e s  in  
c o n t r o l l i n g  e r o s io n  can b e s t  be o b ta in e d  by f i r s t  exam ining some of th e  
m ajor f a c t o r s  a f f e c t i n g  e r o s io n .  Hie e r o s io n  p ro c e s s  i s  ex trem ely  
complex and i s  i n f lu e n c e d  by many v a r i a b l e s .  F o r t u n a t e l y ,  a l a c k  of 
u n d e r s ta n d in g  o f  a l l  t h e  f a c t o r s  i n f l u e n c in g  th e  e r o s io n  p ro c e s s  does 
n o t  p re v e n t  u t i l i z a t i o n  o f  a minimum ninnber o f  f a c t o r s  i n  such a way 
t h a t  p r a c t i c a l  and w idespread  a p p l i c a t i o n  f o r  e r o s i o n  c o n t r o l  can  be 
made. The u n i v e r s a l  s o i l  l o s s  e q u a t io n  (USLE) h as  o n ly  a  few 
p a ra m e te r s ,  b u t  has  wide a p p l i c a b i l i t y  (W ischmeier and Sm ith ,  1965). 
P r e s e n ta t i o n  o f  the  USLE i s  a good p l a c e  t o  b eg in  an  ex a m in a tio n  o f  th e  
s o i l  e r o s io n  p ro c e s s .
An a t t r a c t i v e  f e a t u r e  o f  t h e  USLE i s  i t s  s i m p l i c i t y .  The USLE 
c o n ta in s  on ly  s i x  f a c t o r s ,  b u t  i t  h as  p roven  t o  be  a dependab le  gu id e  
f o r  r e s o u rc e  c o n s e r v a t i o n i s t s  i n  making p r a c t i c a l  recommendations f o r  
lo n g -ra n g e  p la n n in g .  I n t e r a c t i o n  o c c u rs  w i th  many o f  t h e  v a r i a b l e s  
t h a t  i n f lu e n c e  e r o s io n .  These i n t e r a c t i o n  e f f e c t s  a r e  lumped t o g e th e r  
i n  t h e  USLE. As knowledge o f  s e p a r a t e  e f f e c t s  o f  d i f f e r e n t  v a r i a b l e s  
i n c r e a s e s ,  more s o p h i s t i c a t e d  and a c c u r a t e  p r e d i c t i o n  e q u a t io n s  can be 
deve loped .
The USLE c o n ta in s  an e r o s io n  In d e x  (E l)  f a c t o r  and a c ro p p in g  and 
management (C) f a c t o r  which can  b e  e v a lu a t e d  on t h e  b a s i s  o f  l o c a l  
c l i m a t i c  and c ro p  c u l t u r a l  c o n d i t i o n s .  Development o f  t h e s e  f a c t o r s
6
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7allow ed a p p l i c a t i o n  o f  t h e  USLE t o  be  made In  d i f f e r e n t  r e g io n s  o f  t h e  
c o u n t ry ,  and th u s  I s  t h e  r e a s o n  I t  became known a s  a  " u n iv e r s a l "  
e q u a t io n .  The USLE p ro v id e s  a p r a c t i c a l  and s im p le  method f o r  
e s t im a t io n  o f  s o i l  l o s s  u n d e r  v a r y in g  c o n d i t i o n s .
The USLE, deve loped  by Wischmeier and Smith (1 9 6 5 ) ,  I s :
A = R K L S C P
where A i s  th e  computed s o i l  l o s s  p e r  u n i t  a r e a  p e r  t im e .  The u n i t  o f  
measure i s  th e  same as  t h a t  o f  K t im e s  R.
R, th e  r a i n f a l l  f a c t o r ,  i s  th e  number o f  e r o s io n - in d e x  (E l)  u n i t s  i n  a 
normal y e a r ’ s r a i n f a l l .  The E l  o f  each  s to rm  i s  t h e  k i n e t i c  energy 
(MJ/ha) o f  s torm  r a i n f a l l  t im e s  th e  maximum 3 0 -m in u te  i n t e n s i t y  
(mra/h) o f  s to rm  r a i n f a l l .
K, th e  s o i l  e r o d i b i l i t y  f a c t o r ,  I s  th e  s o i l  l o s s  ( t )  p e r  u n i t  o f  
e r o s io n  in d ex  (MJ*mm/ha*h) p e r  u n i t  o f  a r e a  (h a )  f o r  a s p e c i f i c  
s o i l  i n  c u l t i v a t e d  c o n t in u o u s  f a l l o w ,  on a 9 - p e r c e n t  s lo p e  22.1 m 
lo n g .
L, th e  s lo p e - l e n g th  f a c t o r ,  i s  th e  r a t i o  o f  s o i l  l o s s  from th e  f i e l d  
s lo p e  l e n g th  t o  t h a t  from a 22.1 m l e n g th  on th e  same s o i l  ty p e  and 
g r a d ie n t .
S , th e  s l o p e - g r a d ie n t  f a c t o r ,  i s  t h e  r a t i o  o f  s o i l  l o s s  from th e  f i e l d  
g r a d ie n t  t o  t h a t  from a 9 - p e r c e n t  s lo p e .
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C, th e  cropping-management f a c t o r ,  i s  th e  r a t i o  o f  s o i l  l o s s  from a 
f i e l d  w i th  s p e c i f i e d  c ro p p in g  and management t o  t h a t  from th e  
f a l lo w  c o n d i t i o n  on which f a c t o r  K i s  e v a lu a te d .
P, th e  e r o s i o n - c o n t r o l  p r a c t i c e  f a c t o r ,  i s  t h e  r a t i o  o f  s o i l  l o s s  w i th  
c o n to u r in g ,  s t r i p c r o p p in g  o r  t e r r a c i n g  t o  t h a t  w i th  s t r a i g h t - r o w  
fa rm ing  up-and-down s lo p e .
The r a i n f a l l  c h a r a c t e r i s t i c  p a ra m e te r  (E l)  was found t o  be t h e  b e s t  
s i n g l e  e s t i m a t o r  o f  th e  e r o s iv e  p o t e n t i a l  o f  r a i n f a l l .  A p rim ary  a g e n t  
i n  th e  detachm ent and removal o f  s o i l  from i n t e r r i l l  a r e a s  i s  r a in d r o p  
s p l a s h  (M u tch le r  and Young, 1975). The amount o f  r a in d r o p  s p l a s h  i s  
p a r t i a l l y  dependent on r a in d r o p  s i z e ,  which i n  t u r n  i s  a f u n c t i o n  o f  
r a i n f a l l  i n t e n s i t y .  The E l  p a ra m e te r  t h u s  combines t h e  e f f e c t s  o f  th e  
k i n e t i c  energy  o f  d i f f e r e n t  s i z e  d ro p s  th ro u g h o u t  d i f f e r e n t  s to rm s  a s  
w e l l  a s  p e r io d s  o f  h ig h  i n t e n s i t y  on r a in d r o p  s p l a s h .
An i n c r e a s e  i n  k i n e t i c  energy  o f  s to rm  r a i n f a l l  c a u s e s  an  i n c r e a s e  
i n  th e  a b i l i t y  o f  f a l l i n g  r a in d r o p s  t o  b re a k  down s o i l  a g g r e g a te s .  
S o i l  p a r t i c l e s  a r e  d is lo d g e d  from th e  a g g r e g a te s  and moved by r a in d r o p  
s p la s h .  Runoff e n t r a i n s  and t r a n s p o r t s  t h e  d e tac h ed  s o i l  m a t e r i a l  more 
e a s i l y  th a n  th e  o r i g i n a l  a g g r e g a te s .  An i n c r e a s e  i n  s o i l  m o i s tu r e ,  
e r o s io n  o f  s o i l  p a r t i c l e s ,  and fo rm a tio n  o f  a s u r f a c e  s e a l  a f f e c t s  the 
detachm ent o f  s o i l  by r a in d ro p  im pact ( F o s t e r  and Meyer, 1975).  The 
s o i l  e r o d i b i l i t y  (K) f a c t o r  i n  th e  USLE p a r t i a l l y  r e f l e c t s  changes 
th ro u g h o u t  th e  y e a r  i n  th e s e  ty p e s  o f  o c c u r re n c e s  f o r  d i f f e r e n t  s o i l s .
Although ra in d ro p s  s e rv e  a s  th e  m ajo r  s o u rc e  o f  de tachm ent and 
t r a n s p o r t  o f  s o i l  from i n t e r r i l l  a r e a s ,  t h e  amount o f  s o i l  e ro d ed  from
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a f i e l d  a r e a  i s  l i m i t e d  by th e  t r a n s p o r t  c a p a c i t y  o f  r u n o f f .  Runoff 
amounts a r e  o f  co u r se  d i r e c t l y  a f f e c t e d  by r a i n f a l l  am ounts,  b u t  a r e  
a l s o  i n f lu e n c e d  by any s o i l  p r o p e r t i e s  t h a t  a f f e c t  t h e  i n f i l t r a t i o n  
r a t e  o f  w a te r  th ro u g h  th e  s o i l  p r o f i l e .  A n teced en t  s o i l  m o is tu r e  
c o n t e n t ,  amount and type  o f  p r o t e c t i v e  c o v e r ,  s lo p e  g r a d i e n t  and s lo p e  
l e n g th  a l s o  a f f e c t  r u n o f f  am ounts.
G enera l  O b se rv a t io n s  abou t t h e  E ro s io n  P ro c e s s
Land s lo p e ,  r a i n f a l l  c h a r a c t e r i s t i c s ,  co v e r  and management may 
i n f l u e n c e  th e  r a t e  o f  s o i l  e r o s io n  more t h a n  p r o p e r t i e s  o f  t h e  s o i l  
i t s e l f .  Even when th e s e  f a c t o r s  a r e  i d e n t i c a l ,  some s o i l s  e rode  more 
r e a d i l y  th a n  o t h e r s .  Wischmeier and Smith (1965) s a i d  t h i s  d i f f e r e n c e ,  
due t o  p r o p e r t i e s  o f  th e  s o i l ,  i s  known a s  s o i l  e r o d i b i l i t y .  S o i l  
p r o p e r t i e s  r e p o r t e d  t o  i n f l u e n c e  e r o d i b i l i t y  by w a te r  a r e :  (1 )  th o s e  
t h a t  a f f e c t  th e  i n f i l t r a t i o n  r a t e ,  p e r m e a b i l i t y  and t o t a l  w a te r  
c a p a c i t y ,  and (2) th o se  t h a t  r e s i s t  th e  d i s p e r s i o n ,  s p la s h in g ,  
a b r a s io n ,  and t r a n s p o r t i n g  f o r c e s  o f  r a i n f a l l  and r u n o f f .
E ro s io n  o c c u r r in g  on a r e a s  between r i l l s  i s  known a s  i n t e r r i l l  
e r o s io n .  I t  depends on b o th  r a in d r o p  im pac t  and t h i n  f i l m  f lo w .  R i l l  
e r o s io n  o c c u rs  a lo n g  flow  c o n c e n t r a t i o n s  i n  many s m a l l  b u t  d e f in a b l e  
c h a n n e ls .  These ch an n e ls  may be cau sed  by to p o g ra p h ic  i r r e g u l a r i t i e s ,  
t i l l a g e  m arks, s u r f a c e  rou g h n ess ,  o r  by t h e  e r o s io n  p ro c e s s  i t s e l f .  
R i l l  e r o s io n  depends on h y d r a u l i c s  o f  f low  i n  t h e  r i l l s  ( F o s t e r  e t  a l .  , 
1084).
P la n t  canopy re d u ces  th e  v e l o c i t y  o f  f a l l i n g  r a in d r o p s .  Raindrop  
k i n e t i c  energy  i s  a l s o  red u ced  s i n c e  t h e  re m a in in g  f a l l  d i s t a n c e  i s
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u s u a l l y  l e s s  th a n  r e q u ir e d  f o r  t e r m in a l  v e l o c i t y .  S urface  co v er  
p ro v id ed  by c ro p  r e s id u e s  i s  more e f f e c t i v e  th a n  p l a n t  canopy i n  
re d u c in g  e r o s io n  ( F o s t e r  and Meyer, 1977). E ro s io n  by r a in d r o p  s p l a s h  
i s  e s s e n t i a l l y  e l im in a te d  when r a in d r o p s  a r e  i n t e r c e p t e d  by m a t e r i a l  on 
t h e  s o i l  s u r f a c e  (W ischmeier, 1975).
Meyer and Mannering (1967) o b se rv ed  t h a t  t h e  e r o s io n  p ro c e s s  b e g in s  
when ra in d ro p s  f i r s t  s t r i k e  th e  e a r t h ' s  s u r f a c e  and d e ta c h  s o i l  
p a r t i c l e s  by s p la s h .  They s t a t e d  t h a t  t h e  e r o s iv e  p o t e n t i a l  o f  
r a i n f a l l  i s  d i r e c t l y  r e l a t e d  to  th e  r a in d r o p  f a l l  v e l o c i t y ,  s i z e  
d i s t r i b u t i o n  and t o t a l  mass a t  im pac t .  They f u r t h e r  o b se rv ed  t h a t  when 
th e  s o i l  s u r f a c e  i s  no t  w e l l  p r o t e c t e d  by v e g e t a t i o n  o r  o t h e r  co v e r ,  
r a in d r o p s  enhance s o i l  e r o s io n  by: (1) b re a k in g  s o i l  crumbs and
a g g r e g a te s  i n t o  s m a l le r  more e a s i l y  t r a n s p o r t e d  s i z e s ,  (2 )  re d u c in g  
i n f i l t r a t i o n  r a t e s  th rough  s o i l  s u r f a c e  s e a l i n g ,  (3)  s p l a s h in g  s o i l  
p a r t i c l e s  dom inantly  downslope o r  t o  r u n o f f  c h a n n e l s ,  and (4) 
i n c r e a s i n g  th e  s e d im e n t -c a r ry in g  c a p a c i t y  o f  r u n o f f  th rough  s p l a s h  
tu rb u le n c e .
Meyer and M annering (1967) r e p o r t e d  t h a t  t h e  r e s i s t a n c e  o f  a s o i l  
t o  e r o s iv e  fo r c e s  depends on t h e  s i z e ,  sh ap e ,  d e n s i t y ,  c o h e s iv e n e s s ,  
e t c .  o f  s o i l  p a r t i c l e s ,  p lu s  t h e  s o i l ' s  m a c r o s t r u c tu r e  ( c lo d d ln e s s )  a s  
i t  a f f e c t s  e a se  o f  detachm ent from t h e  s o i l  mass and t r a n s p o r t a t i o n  by 
r u n o f f .  The s m a l l e r  and ro u g h e r  p a r t i c l e s  a r e  g e n e r a l l y  l e s s  e a s i l y  
d e tac h ed  b u t  more e a s i l y  t r a n s p o r t e d .  Meyer and M annering s t a t e d  t h a t  
most o f  th e  above m entioned f a c t o r s  a l s o  a f f e c t  i n f i l t r a t i o n  and 
s u r f a c e  s to ra g e  c h a r a c t e r i s t i c s .  Loam and s i l t  loams were r e p o r t e d  to
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g e n e r a l l y  e ro d e  more e a s i l y  t h a n  s o i l s  w i th  h ig h  c l a y  o r  sand  c o n t e n t s ,  
b ecause  th ey  a r e  most s u s c e p t i b l e  t o  s e a l i n g  and a r e  r e a d i l y  d e tac h ed  
and t r a n s p o r t e d .
P a r t i c l e  s i z e  d i s t r i b u t i o n ,  d e n s i t y  and d eg ree  o f  a g g r e g a t io n  a l s o  
a f f e c t  s o i l  detachm ent and su b seq u e n t  e r o s io n .  S i l t  s i z e d  p a r t i c l e s  
e ro d e  more e a s i l y  th a n  c l a y  o r  s a n d - s l z e  p a r t i c l e s .  S i l t  and c l a y  a r e  
o f t e n  eroded  t o g e t h e r  I n  t h e  form o f  s a n d - s l z e  a g g r e g a t e s .  Cohesive 
s o i l s  u s u a l ly  produce sed im ent t h a t  c o n s i s t s  o f  b o th  p r im ary  p a r t i c l e s  
and o f  s o l i  a g g r e g a te s .  N on-coheslve  s o i l s  u s u a l l y  p roduce  sed im en t 
composed o f  p rim ary  p a r t i c l e s  (Young, 1980).
Young (1984) th ough t  o f  s o i l  e r o s io n  a s  t h e  end r e s u l t  o f  two 
p h y s i c a l  p ro c e s s e s  -  th e  detachm ent o f  s o i l  p a r t i c l e s  from  a s o i l  mass 
and th e  t r a n s p o r t  o f  th e s e  p a r t i c l e s  from  th e  p o i n t  o f  de tachm ent.  He 
r e p o r t e d  t h a t  detachm ent o c c u r r in g  i n  s m a l l  ch a n n e ls  o r  r i l l s  i s  t h e  
r e s u l t  o f  f lo w in g  w a te r  w h ile  detachm ent i n  t h e  n e a r l y  l e v e l  a r e a s  
between r i l l s  i s  t h e  r e s u l t  o f  r a in d r o p  im pac t .
Young (1984) n o ted  t h a t  c u r r e n t  e f f o r t s  a r e  b e in g  made t o  r e p r e s e n t  
t h e  e r o s io n  p ro c e s s  w i th  sed im ent de tachm en t e q u a t io n s  t h a t  t r e a t  t h e  
r i l l  and i n t e r r i l l  phases  s e p a r a t e l y .  He f e l t  such  e q u a t io n s  r e q u i r e  
s o i l  e r o d i b i l i t y  f a c t o r s  t h a t  p ro v id e  an  i n d i c a t i o n  o f  t h e  r e l a t i v e  
im portance  o f  r a i n f a l l  energy and r u n o f f  ene rgy  f o r  d e ta c h in g  s o i l  
p a r t i c l e s .  Young and Onstad (1982) s t a t e d  t h a t  an  e f f e c t i v e  s o i l  
e r o d i b i l i t y  f a c t o r  i n d i c a t i n g  s u s c e p t i b i l i t y  o f  s o i l  t o  i n t e r r i l l  
e r o s io n  must in c lu d e  th e  e f f e c t s  o f  d e g re e  o f  a g g r e g a t io n ,  amount and
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ty p e  o f  c l a y  p r e s e n t  I n  t h e  s o i l ,  and a g g r e g a te  s t a b i l i t y .  Such 
e r o d i b i l i t y  f a c t o r s  would r e f l e c t  optimum a g g re g a te  s i z e  f o r  r e s i s t a n c e  
t o  r a in d r o p  Impact f o r c e s ,  a g g re g a te  s t r e n g t h ,  and r e s i s t a n c e  o f  th e  
ag g re g a te  to  im pact and r u p t u r e  f o r c e s  and su b seq u e n t  ag g re g a te  
breakdown.
Young and Onstad (1982) f e l t  an  e f f e c t i v e  e r o d i b i l i t y  s o i l  f a c t o r  
i n d i c a t i n g  th e  s u s c e p t i b i l i t y  o f  s o i l  t o  r i l l  e r o s io n  must in c lu d e  th e  
e f f e c t s  o f  o r g a n ic  m a t t e r  c o n t e n t ,  a g g r e g a te  d e n s i t y  and a g g re g a te  
s t a b i l i t y .  Each o f  th e s e  p r o p e r t i e s  were r e l a t e d  t o  s u s c e p t i b i l i t y  to  
r i l l  e r o s io n  a s  f o l lo w s .  O rganic  m a t t e r  c o n te n t  a f f e c t s  t h e  e a s e  o f  
w e t t i n g  o f  s o i l  a g g r e g a te s ,  and th u s  a l s o  a f f e c t s  t h e i r  r e s i s t a n c e  o f  
break-down under  immersion. As o rg a n ic  m a t t e r  i n c r e a s e s ,  s o i l  
ag g re g a te s  i n  f lo w in g  w a te r  te n d  t o  wet up more s low ly  when immersed i n  
f lo w in g  w a te r .  S in c e  a g g re g a te  s t a b i l i t y  i s  commonly measured u s in g  a 
s ta n d a r d  wet s i e v i n g  p ro c e d u re ,  i t  more c l o s e l y  ap p ro x im a te s  s l a k in g  
f o r c e s  caused  by f lo w in g  r u n o f f  w a te r  th a n  by r a in d r o p  im pact.
E p s t e i n  and G ran t  (1971) n o ted  t h a t  l o o s e  u n p ro te c te d  a g g re g a te s  o f  
co h e s iv e  s o i l s  ( lo am s,  s i l t y  c l a y  loams and s i l t  loams) a r e  e a s i l y  
d e tac h ed ,  broken  down, and washed away a t  th e  b eg in n in g  o f  storm 
r a i n f a l l .  They a l s o  o b se rv ed  t h a t  s u r f a c e  s e a l s  o f t e n  deve lop  r a t h e r  
r a p id l y  w h i le  i n f i l t r a t i o n  i s  reduced  t o  a  c o n s t a n t  r a t e .  E p s t e in  and 
G ran t b e l i e v e d  t h a t  c o n t i n u a t i o n  o f  s o i l  l o s s  a f t e r  t h e  development o f  
a s u r f a c e  s e a l  means t h a t  detachm ent o f  s o i l  p a r t i c l e s  from th e  s u r fa c e  
s e a l  i s  t a k in g  p l a c e .  They re a so n ed  t h a t  t h e  de tachm ent p ro c e s s  f o r  
co h es iv e  s o i l s  a f t e r  fo rm a t io n  o f  a s u r f a c e  s e a l  i s  caused  by t h i n
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l a y e r  sh ea r in g  accompanied by th e  c o n t i n u a l  fo rm a t io n  o f  a new 
c o n s o l id a te d  s e a l .
P h y s ic a l  changes o f t e n  o ccu r  i n  t h e  u p p e r  few mm o f  t h e  s o i l  
fo l lo w in g  w e t t in g  and su b seq u en t  d ry in g  o f  s o i l  s u r f a c e s  (Edwards, 
1976). The s u r f a c e  becomes d e n s e r ,  and th e  s i z e  and amount o f  l a rg e  
p o re s  d e c r e a s e s .  These changes r e s u l t  i n  a r e d u c t i o n  o f  s u r f a c e  
p e r m e a b i l i t y  to  w a te r ,  a i r  and p l a n t s .  Edwards (1976) r e f e r r e d  to  t h i s  
compacted s u r f a c e  l a y e r ,  which can  be u s u a l l y  d i s t i n g u i s h e d  from 
r e l a t i v e l y  u n d is tu rb e d  s o i l  below, a s  a s o i l  c r u s t*  Such c r u s t s  red u ce  
p l a n t  emergence f o r  a s h o r t  t im e a f t e r  p l a n t i n g ,  b u t  c o n t in u e  t o  l i m i t  
i n f i l t r a t i o n  th u s  i n c r e a s i n g  r u n o f f  long a f t e r  crop  em ergence. T i l l e d  
s o i l s  t h a t  a r e  u n p ro te c te d  by v e g e ta t i v e  co v e r  u s u a l l y  have t h e  most 
s e v e re  c r u s t i n g  problem (Edwards, 1976).
E p s t e in  and G ran t (1971) d e te rm in ed  s o i l  c r u s t  s t r e n g t h  by modulus 
o f  ru p tu r e  and p en e tro m e te r  t e s t s .  C ollam er s i l t  loam, M a r sh a l l  s i l t y  
c l a y  loam, and Bruxton s i l t  loam s o i l s  w ere  s c r e e n e d  th ro u g h  a 9 .5  mm 
s ie v e  and p laced  i n  30.5 cm -square  pans  t o  a d e p th  o f  15 cm. S im ula ted  
r a i n f a l l  was a p p l i e d  a t  two d i f f e r e n t  i n t e n s i t i e s ,  51 and 89 mm p e r  
h o u r .  Drop s i z e s  of 3.2 and 5 .1  mm w ere  u sed  w i th  b o th  i n t e n s i t i e s .
The modulus o f  r u p tu r e  a t  I n t e n s i t i e s  o f  51 mm p e r  h o u r  ran g ed  from
0 .1 6  to  0 .7 9  b a r s  and 1 .0 0  t o  2 .0 4  b a r s  f o r  d ro p  s i z e s  o f  3 .2  and 5 .1  
mm, r e s p e c t i v e l y .  The modulus o f  r u p t u r e  f o r  i n t e n s i t i e s  o f  89 mm p e r  
h our  ranged from 0 .1 6  t o  0 .6 0  and 0 .7 4  t o  1 .5 7  b a r s  f o r  d rop  s i z e s  o f
3 .2  and 5 .1  mm, r e s p e c t i v e l y ,  For each  g iv e n  d rop  s i z e ,  c r u s t  s t r e n g t h  
g e n e r a l ly  d ec rea sed  w i th  an  i n c r e a s e  i n  i n t e n s i t y  and c r u s t s  formed
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u n d e r  t h e  3 .2  mm d ro p s  were w eaker t h a n  t h o s e  d ev e lo p ed  u n d e r  t h e  5.1 
mm d ro p s .  E p s te in  and G ran t a l s o  o b ta in e d  s i m i l a r  r e l a t i o n s h i p s  u s in g  
r u p t u r e  s t r e s s  measurements w i th  a p e n e t ro m e te r .  They conc luded  t h a t  
s e a l s  and c r u s t s  a r e  formed a s  a r e s u l t  o f  r a in d r o p  Im pact and s e a l s  
a r e  c o n t in u o u s ly  b e in g  removed by t u r b u l e n t  w a te r .  Form ation  o f  weaker 
c r u s t s  under  h ig h e r  r a i n f a l l  I n t e n s i t y  was a t t r i b u t e d  to  a f a s t e r  
removal of  th e  s e a l  due t o  g r e a t e r  tu rb u le n c e .
T e x tu r a l  a n a l y s i s  o f  th e  s e a l s  showed t h a t  t h e  c l a y  c o n t e n t  o f  t h e  
0 t o  2 mm c r u s t  was e s s e n t i a l l y  t h e  same a s  t h a t  o f  t h e  u n d e r ly in g  
s o i l ,  b u t  t h e  c l a y  c o n te n t  w i t h i n  t h e  0 - 0 . 5  mm s u r f a c e  c r u s t  was l e s s  
th a n  i n  th e  s o i l  w h i le  th e  s l i t  c o n t e n t  was h i g h e r .  The c l a y  c o n te n t  
o f  th e  0 t o  2 mm c r u s t  d id  n o t  change w i th  i n c r e a s e  i n  d u r a t i o n  o f  
r a i n f a l l  from 10 t o  30 m in u te s ,  b u t  t h e  c l a y  c o n t e n t  i n  r u n o f f  was 
s l i g h t l y  h ig h e r  th a n  i n  t h e  s o i l  o r  c r u s t .  E p s t e in  and G ran t  b e l i e v e d  
t h a t  t h e  fo rm a tio n  o f  a s u r f a c e  s e a l  p re v e n te d  f u r t h e r  w a s h in g - in  o f  
f i n e  m a t e r i a l s  and th u s  no f u r t h e r  b u i ld - u p  o f  c r u s t  a f t e r  t h e  i n i t i a l  
c r u s t  fo rm a tio n .  The fo rm a tio n  and r e f o r m a t io n  o f  s e a l  was a 
c o n t in u o u s  p ro c e s s  w i th o u t  any change i n  t h e  t e x t u r a l  c o n t e n t  o f  th e  
c r u s t  below th e  s e a l .
S o i l  e r o s io n  i s  a dynamic p r o c e s s .  The m ost marked changes a t  t h e  
s o i l  s u r f a c e  o cc u r  when th e  s u r f a c e  i s  u n p r o t e c t e d  by any  ty p e  o f  
co v e r .  C o n s id e rab le  r e s e a r c h  h as  been  co n d u c ted  on t h e  e f f e c t  o f c rop  
r e s i d u e ,  p a r t i c u l a r l y  s u r f a c e  r e s i d u e s ,  i n  re d u c in g  e ro s io n .  
Wischmeier (1973) r e p o r te d  t h a t  s t u d i e s  on f i e l d  p l o t s  and s m a l l  
w a te rsh ed s  show t h a t  c o n s e rv a t io n  t i l l a g e  p r a c t i c e s  can  be h ig h ly
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e f f e c t i v e  f o r  c o n t r o l  o f  e r o s io n ,  b u t  t h e i r  e f f e c t i v e n e s s  d i f f e r s  
s u b s t a n t i a l l y  w i th  th e  ty p e  o f  p r a c t i c e  and q u a l i t y  o f  management. He 
f e l t  th e  dominant f a c t o r  i n  d e te r m in in g  e f f e c t i v e n e s s  i s  t h e  amount and 
d i s t r i b u t i o n  o f  c ro p  r e s id u e s  re m a in in g  on t h e  s o i l  s u r f a c e .
Wischmeier (1973) s t a t e d  t h a t  p a r t i a l  c o v e r s  o f  r e s i d u e s  a r e  more 
l i k e l y  t o  f a i l  when th e  s h e a r  s t r e s s  o f  f low  i n c r e a s e s  a p p r e c i a b l y .  He 
n o ted  t h a t  th e  p r o b a b i l i t y  o f  f a i l u r e  i n c r e a s e s  where t h e  s lo p e  
g r a d ie n t  becomes s t e e p ,  where t h e  r u n o f f  r a t e  becomes l a r g e  b ec au se  of 
a long  s lo p e  o r  a c o n c e n t r a t i o n  o f  r u n o f f ,  o r  where th e  p ro d u c t  o f  
s lo p e  g r a d ie n t  and p e r c e n t  s lo p e  becomes l a r g e .  He o b se rv ed  t h a t  
in c o rp o r a te d  r e s id u e s  tend  to  improve i n f i l t r a t i o n  and th e re b y  reduce  
r u n o f f ,  b u t  t h a t  in c o rp o r a te d  r e s id u e s  mixed i n t o  th e  s u r f a c e  by 
o p e r a t io n s  such a s  c h i s e l i n g  o r  d i s k i n g  a r e  l e s s  e f f e c t i v e  th a n  th o s e  
l e f t  on th e  s u r f a c e .
Wischmeier (1973) gave some r e s u l t s  from  a s tu d y  o f  678 p l o t  y e a r s  
o f  d a ta  f o r  c o n v e n t io n a l  c o rn  sy s te m s .  Runoff a v e rag e d  40% l e s s  where 
r e s id u e s  were mixed i n t o  t h e  s o i l  each  y e a r  by p low ing  th a n  when s to v e r  
was removed a t  h a r v e s t .  A to n  o f  c o r n  r e s id u e  l e f t  on t h e  s u r f a c e  
reduced s o i l  l o s s  ab o u t  65%, w hereas  each  to n  o f  r e s id u e  i n c o r p o r a t e d  
i n t o  t h e  s u r f a c e  reduced  s o i l  l o s s  ab o u t  12%. S u r fa c e  r e s id u e s  reduced  
r u n o f f  by re d u c in g  s u r f a c e  s e a l i n g  and c r u s t i n g .  S o i l  l o s s  was reduced  
b ecau se  o f  r e d u c t io n  i n  t h e  de tachm ent c a p a c i t i e s  o f  b o th  r a i n f a l l  and 
r u n o f f .  P a r t i a l  c o v e rs  o f  s u r f a c e  r e s i d u e s  red u ced  r u n o f f  v e l o c i t y  and 
th u s  th e  s h e a r  s t r e s s  and c a r r y i n g  c a p a c i t y  o f  r u n o f f .  R eduction  i n  
r u n o f f  v e l o c i t y  a l s o  i n c r e a s e d  t h e  d ep th  o f  t h e  c u s h io n in g  f i l m  o f  
w a te r  on th e  s u r f a c e  d u r in g  r a i n f a l l .
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Meyer and Mannering (1963) r e p o r t e d  t h a t  th o ro u g h ly  in c o r p o r a t e d  
r e s id u e s  can m a t e r i a l l y  improve th e  s o i l  c o n d i t i o n  and i n f i l t r a t i o n  
c h a r a c t e r i s t i c s ,  b u t  t h a t  s u r f a c e  r e s id u e s  a r e  more e f f e c t i v e  f o r  
e r o s io n  c o n t r o l .  They f e l t  t h a t  m ech an ica l  t r e a tm e n t  o f  s u r f a c e  
r e s i d u e s ,  such as  sp re ad in g  and s h re d d in g ,  o f t e n  p r o v id e s  t h e  most 
e f f e c t i v e  s u r f a c e  cover.  Crop r e s id u e s  were r e p o r t e d  t o  have an 
im p o r ta n t  p o t e n t i a l  f o r  b e t t e r  e r o s io n  c o n t r o l  on i n t e n s i v e l y  c ro p p ed ,  
s lo p in g  s o i l .
Meyer and M annering (1963) gave s e v e r a l  r e a s o n s  why c r o p  r e s id u e s  
re d u ce  e r o s io n .  R esidues  d i s s i p a t e  a p a r t  o f  t h e  en e rg y  o f  t h e  f a l l i n g  
r a in d r o p s  a n d /o r  th e  energy o f  f lo w in g  r u n o f f .  L ess  energy  i s  
a v a i l a b l e  f o r  detachm ent and t r a n s p o r t  o f  s o i l  p a r t i c l e s .  The amount 
o f  d i s p e r s e d  s o i l  a v a i l a b l e  t o  be removed i n  r u n o f f  i s  re d u ced .  Runoff 
amounts a r e  reduced  because  o f  th e  p r e v e n t io n  o f  s o i l  s p l a s h ,  which 
would tend  t o  c l o s e  s o i l  p o re s  u sed  f o r  i n f i l t r a t i o n .  P l a n t  r e s id u e s  
form sm all  d iv e r s io n s  and d e t e n t i o n  r e s e r v o i r s  t h a t  slow ru n o f f  
v e l o c i t y  and re d u ce  s o i l  l o s s .  S u rface  w a te r  h e ld  i n  t h e s e  a r e a s  a l s o  
d i s s i p a t e s  r a in d ro p  en e rg y .  Small r a t e s  o f  s u r f a c e  r e s i d u e s  do n o t  
g r e a t l y  red u ce  r a in d r o p  im p ac t ,  b u t  r u n o f f  v e l o c i t y  i s  d e c re a s e d .  The 
dominant f a c t o r  i n  e r o s io n  c o n t r o l  w i th  h i g h e r  r a t e s  o f  r e s i d u e  co v e r  
i s  th e  r a in d r o p  energy  d i s s i p a t i o n .
F o s t e r  and Meyer (1977) s t a t e d  t h a t  t h e  e f f e c t i v e n e s s  o f  s o i l  
s u r f a c e  co v e r  depends on i t  s t a y in g  i n  p l a c e  and n o t  b e in g  washed away 
o r  a l lo w in g  r i l l  e r o s io n  u n d e rn ea th  th e  c o v e r .  F o s t e r  and Meyer 
observed  t h a t  m a t e r i a l  on th e  s o i l  s u r f a c e  slow s r u n o f f  and i n c r e a s e s
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flow d ep th .  I n c re a se d  f low  d e p th  a l s o  a c t s  a s  a p r o t e c t i v e  c u s h io n  and 
f u r t h e r  d e c re a s e s  s o i l  detachm ent by r a in d r o p s .  A r e d u c t i o n  In  s h e a r  
s t r e s s  o f  r u n o f f  due t o  m a t e r i a l  on th e  s u r f a c e  a l s o  r e s u l t s  I n  l e s s  
detachm ent o f  s o i l  p a r t i c l e s .  Onstad (1984) n o te d  t h a t  w a te r  co v e red  
a r e a s  above a c e r t a i n  d e p th  p ro b a b ly  do n o t  e ro d e  b ec au se  t h e  l a y e r  of 
w a te r  cu sh io n s  th e  r a in d r o p .  D e p re s s io n a l  a r e a s  a l s o  s e r v e  a s  sed im en t 
t r a p s  f o r  s o l i  b e in g  eroded from h ig h e r  exposed  s o i l  s u r f a c e s .
R esea rch  R e s u l t s  from L a b o ra to ry  E xper im ents
Almost a l l  l a b o r a t o r y  ex p e r im en ts  t h a t  i n v o lv e  m easurem ents o f  s o i l  
e r o s io n  have been conduc ted  u s in g  s im u la te d  r a i n f a l l .  The fo l lo w in g  
examples In c lu d e  some s i g n i f i c a n t  r e s e a r c h  r e s u l t s  and a l s o  i l l u s t r a t e  
t h e  methodology o f t e n  used  i n  l a b o r a t o r y  s t u d i e s  o f  s o i l  e r o s io n .
Harmon and Meyer (1978) used  a r a i n f a l l  s i m u la to r  and a 122 by 122 
cm pan t o  s tu d y  th e  e f f e c t s  o f  co v e r ,  s lo p e  and r a i n  i n t e n s i t y  on s o i l  
e r o s io n .  The t e s t  p l o t  c o n s i s t e d  o f  a 61 by 61 cm a r e a  i n  t h e  c e n t e r  
o f  t h e  pan, which was s e p a r a t e d  from t h e  su r ro u n d in g  b o rd e r  a r e a s  w i th  
v e r t i c a l  m e ta l  s t r i p s .  S o i l  was p la c e d  i n  t h e  pan  i n  in c re m e n ts  o f  
ab o u t  2 cm to  a d ep th  o f  8 cm. Each l a y e r  o f  s o i l  e x c e p t  t h e  to p  2 cm 
was hand com pressed. Water t h a t  i n f i l t r a t e d  th ro u g h  th e  s o i l  and th e  
u n d e r ly in g  c o t t o n  f a b r i c ,  s c r e e n  w i re  and w i re  mesh was a l lo w ed  to  e x i t  
v i a  o u t l e t s  i n  th e  bottom  o f  t h e  pan .
A randomized b lo ck  d e s ig n  was u sed  t o  a n a ly z e  r e s u l t s  f o r  v a r io u s  
co m b in a tio n s  o f  s u r f a c e  s t ra w  r a t e s ,  p e r c e n t  s l o p e s  and r a i n f a l l  r a t e s .  
An i n i t i a l  r a i n  o f  60 m in u te s  ( d r y  run)  was fo l lo w ed  t h e  n e x t  day by
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two 30-mi.nute ru n s  s e p a ra te d  by a 15-m inute  i n t e r v a l  w i th  no r a i n f a l l .  
These two ru n s  were c a l l e d  wet and v ery  wet r u n s .  A P ro v id en ce  s i l t
loam s o i l  was used  which had been c o l l e c t e d  a t  a t i l l a b l e  m o is tu r e  
c o n te n t  and s ie v e d  through a 12-mm mesh s c r e e n .  R a i n f a l l  was a p p l i e d  
a t  a r a t e  o f  5 .8  cm /hr.
Runoff from a 2.5% s lo p e  w i th  no p r o t e c t i v e  c o v e r  on t h e  s o i l  was 
34, 22 and 24 kg/m^ f o r  d ry ,  wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  S o i l  
l o s s  was 288, 120 and 168 g/m^, r e s p e c t i v e l y .  No m easurem ents o f
r u n o f f  and s o i l  l o s s  a t  2.5% s lo p e  were made f o r  any r a t e s  o f  s u r f a c e  
s t r a w ,  however, th e  v a lu e s  f o r  b a r e  s u r f a c e  a r e  p r e s e n t e d  h e r e  b ec au se  
th e s e  r a t e s  can be d i r e c t l y  compared to  r e s u l t s  o b t a in e d  i n  t h i s  
d i s s e r t a t i o n  s tu d y .
Runoff from b a r e  s o i l  a t  6% s lo p e  was 35, 22 and 22 kg/m^ f o r  d ry ,  
wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  With a c o v e r  o f  2 t / h a  o f  s t r a w ,  
r u n o f f  was 28, 21 and 22 kg/m2 f o r  d r y ,  wet and v e r y  wet ru n s ,
r e s p e c t i v e l y .  Thus th e  a p p l i c a t i o n  o f  2 t / h a  o f  w heat s t r a w  d id  n o t  
a p p r e c ia b ly  a f f e c t  r u n o f f .  However, an a p p l i c a t i o n  o f  8 t / h a  o f  s t raw  
reduced  ru n o f f  t o  1, 6 and 10 kg/m2 f o r  t h e  d r y ,  w et and v e r y  wet ru n s ,  
r e s p e c t i v e l y .
S u rfa ce  s t r a w  was e f f e c t i v e  i n  r e d u c in g  s o i l  l o s s  i n  t h e  r u n o f f  
from th e  6% s l o p e s .  With th e  s u r f a c e  l e f t  u n p r o t e c t e d ,  s o i l  l o s s  was 
412, 153 and 212 g/m^ f o r  d ry ,  wet and v e ry  w et r u n s ,  r e s p e c t i v e l y .  
With an  a p p l i c a t i o n  of 2 t / h a  o f  s u r f a c e  s t r a w ,  t h e  s o i l  l o s s  was 
reduced  t o  142, 77 and 102 g/m? f o r  t h e  d r y ,  w et and v e ry  wet ru n s ,
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r e s p e c t i v e l y .  S u r fa ce  s t ra w  o f  8 t / h a  reduced  s o i l  l o s s  t o  m inim al 
amounts o f  2 , 8 and 11 g/m^, r e s p e c t i v e l y .
Harmon and Meyer a t t r i b u t e d  th e  d e c re a s e  i n  s o i l  l o s s  w i th  
i n c r e a s e s  i n  s u r f a c e  s t raw  to  r e d u c t io n  i n  t h e  amount o f  s o i l  exposed  
t o  r a i n f a l l ,  r e s t r i c t i o n  o f  movement o f  w a te r  and sed im en t by r e s i d u e  
c o v e r ,  and p re v e n t io n  o f  s u r f a c e  s e a l i n g .  They d id  n o t  e x p l a i n ,  
however, why r u n o f f  w i th  r a t e s  o f  2 t / h a  o f  s u r f a c e  s t r a w  was n o t  much 
d i f f e r e n t  from t h a t  a t  0 t / h a ,  even though s o i l  l o s s  was g r e a t l y  
re d u ced .
L a t t a n z i  e t  a l .  (1974) s tu d i e d  t h e  i n f l u e n c e  o f  mulch r a t e  and 
s lo p e  s te e p n e s s  on i n t e r r i l l  e r o s io n .  A R u s s e l l  s i l t  loam (T y p lc  
H a p lu d a lf )  s o i l  from th e  plow l a y e r  was s i e v e d  th ro u g h  a 12-mm mesh 
s c r e e n .  S o i l  was p la c e d  t o  a d e p th  o f  8 cm i n  a 122 by 122 cm pan w i th  
a c e n t r a l  t e s t  a r e a  o f  61 by 61 cm. S o i l  was p la c e d  i n  l a y e r s  o f  2-cm 
in c re m e n ts .  Each l a y e r  e x c e p t  t h e  l a s t  was hand compressed on a s m a l l  
wooden b lo c k .  Runoff flowed th ro u g h  a s l o t  a t  t h e  low er end o f  t h e  
t e s t  a r e a .  Water a l s o  d ra in e d  f r e e l y  th ro u g h  th e  s o i l  p r o f i l e ,  s e v e r a l  
l a y e r s  o f  c o t t o n  f a b r i c  and w ire  mesh t o  o u t l e t s  i n  t h e  s o i l  pan f l o o r .  
S im u la ted  r a i n f a l l  was a p p l i e d  a t  a r a t e  o f  64 mm p e r  hour f o r  an  
i n i t i a l  60-m inute  run  fo l lo w ed  th e  n ex t  day by two 30 -m inu te  ru n s  
s e p a r a t e d  by a 15-m inute i n t e r v a l  w i th o u t  r a i n f a l l .
A randomized b lo ck  d e s ig n  was u sed  i n  which a l l  c o m b in a t io n s  of 
f o u r  s u r f a c e  r a t e s  o f  wheat s t r a w  mulch and fo u r  s lo p e  s t e e p n e s s e s  were 
s t u d i e d .  L a t t a n z i  no ted  t h a t  t h e  s t r a w  ab so rb ed  a r e l a t i v e l y  m inor
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amount o f  a p p l i e d  r a i n  and observed  no ev id en ce  o f  r i l l i n g  f o r  any of 
t h e  r u n s ,  even when th e  s u r f a c e  was l e f t  b a r e .  The w e t t i n g  f r o n t  
r a r e l y  reached  th e  bottom  o f  th e  s o i l  d u r in g  th e  6 0 -m in u te  i n i t i a l  runs  
f o r  mulch r a t e s  o f  0, 0 .5  and 2 t / h a .  F ree  d r a in a g e  began  a b o u t
mid-way th ro u g h  th e  i n i t i a l  ru n  w i th  s u r f a c e  s t ra w  r a t e s  o f  8 t / h a ,  b u t  
t h e r e  was no n o t i c e a b le  change i n  r u n o f f  r a t e  due t o  p r o f i l e  
s a t u r a t i o n .
T ab le  1 shows th e  r u n o f f  and s o i l  l o s s  f o r  i n i t i a l ,  wet and v e ry  
w et ru n s  f o r  a s u r f a c e  s lo p e  o f  2%. There was v e ry  l i t t l e  change i n  
r u n o f f  f o r  s u r f a c e  s t ra w  r a t e s  of 0 t o  2 t / h a .  The r u n o f f  a t  a s u r f a c e  
r a t e  o f  0 .5  t / h a  was n u m e r ic a l ly  l a r g e r  th a n  w i th  0 t / h a ,  b u t  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t .  Runoff f o r  t h e  8 t / h a  r a t e  o f  s u r f a c e  s t raw  
was ab o u t  95, 91 and 86% l e s s  th a n  t h a t  f o r  0 t / h a  d u r in g  i n i t i a l ,  wet 
and v e ry  wet r u n s ,  r e s p e c t i v e l y .  The 8 t / h a  r a t e  o f  s u r f a c e  s t r a w  
p r a c t i c a l l y  e l im in a te d  s o i l  l o s s  f o r  a l l  ru n s  w i th  a s u r f a c e  s lo p e  o f  
2%. S o i l  l o s s  d e c re a s e d  r a p id l y  f o r  mulch i n c r e a s e s  from 0 t o  2 t / h a .
Some p rim ary  c o n c lu s io n s  by L a t t a n z i  e t  a l .  (1974) w ere:
1. I n t e r r i l l  e r o s io n  can be v i r t u a l l y  e l im in a t e d  by com ple te  
mulch co v e r ,  bu t  l e s s e r  amounts w i l l  g r e a t l y  r e d u c e  s o i l  
l o s s e s .
2. I n t e r r i l l  e r o s io n  i s  i n f lu e n c e d  much l e s s  by s lo p e  s t e e p n e s s  
th a n  i s  r i l l  e r o s io n .
3. I n t e r r i l l  e r o s io n  i s  p r im a r i ly  due to  r a in d r o p  im p ac t .
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T ab le  1. Runoff and s o i l  l o s s  d u r in g  i n i t i a l ,  wet and v ery  wet ru n s  f o r  
i n c r e a s i n g  r a t e s  of  s u r f a c e  s t r a w  on 2% s lo p e  i n  e x p e r im e n ts  
by L a t t a n z i  e t  a l  (1 9 74) .
S u rfa ce
S traw
( t / h a )
Runoff S o i l  Loss












0 49.3 28.6 28.4 951 406 400
0 .5 50.9 29.9 30.8 602 256 255
2 43.5 27.7 28.9 244 88 84
8 2.5 2.5 4 .0 7 2 1
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4. Mulch r a t e s  t h a t  p r o t e c t  t h e  s o l i  from s u r f a c e  s e a l i n g  can  
g r e a t l y  red u ce  th e  amount o f  r u n o f f .
Lang e t  a l .  (1984) u sed  1-m sq u a re  pans w i th  a r a i n f a l l  s im u la to r  
t o  s tudy  th e  I n f lu e n c e  o f  s lo p e  s t e e p n e s s  (3 and 9%), mulch r a t e  (0 ,
1 .12  and 2 .2 4  t / h a )  and a n te c e d e n t  s o i l  m o is tu r e  c o n d i t i o n  (d ry  and wet 
ru n s )  on r u n o f f  and s o i l  l o s s  o f  mined la n d  t o p s o i l s  I n  N orth  Dakota. 
The t o p s o i l s  had been  s to c k p i l e d  f o r  l a t e r  d i s t r i b u t i o n  on re sh ap ed  
s p o i l  m a t e r i a l .
S o i l s  were p asse d  th rough  a 1 .3  cm s i e v e ,  a l lo w ed  t o  a i r  d r y ,  and
p la c e d  t o  a d ep th  o f  8 cm i n  fo u r  l a y e r s .  S o l i  i n  t h e  f i r s t  t h r e e
l a y e r s  was u n ifo rm ly  packed w i th  a m in ia tu r e  s o i l  com pac tion  hammer. 
The to p  l a y e r  r e c e iv e d  no com paction . I t  was n o t  c l e a r  w h e th e r  t h e
q
r e s u l t i n g  bulk  d e n s i t y  o f  1 .1 8  g/cm r e f e r r e d  t o  t h e  e n t i r e  p r o f i l e  o r  
t o  th e  to p  l a y e r .
The experim en t was a r ra n g e d  i n t o  a randomized f a c t o r i a l  d e s ig n  w i th  
two r e p l i c a t i o n s  o f  a l l  c o m b in a t io n s  o f  s o i l  t y p e s ,  mulch r a t e s ,  and 
m o is tu re  c o n d i t i o n s .  R a i n f a l l  was a p p l i e d  a t  a r a t e  o f  ab o u t  51 mm p e r  
h o u r ,  which was th e  2 5 -y e a r  r e t u r n  f req u en cy  f o r  1 -hour d u r a t i o n
r a i n f a l l .  R a i n f a l l  was a p p l i e d  f o r  one h o u r  on i n i t i a l l y  d ry  s o i l  and 
fo l low ed  i n  24 h o u rs  w i th  a n o th e r  1-hour a p p l i c a t i o n .  Runoff was
c o l l e c t e d  from an  i n n e r  61 by 61-cm t e s t  a r e a  o f  t h e  s o i l  pan. The 
f l o o r  o f  t h e  s o i l  pan  was c o n s t r u c te d  t o  a l lo w  u n r e s t r i c t e d  d ra in a g e  o f  
w a te r  t h a t  i n f i l t r a t e d  th ro u g h  th e  s o i l .
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Lang e t  a l .  found t h a t  mulch r a t e s  o f  1 .12  and 2 .2 4  t / h a  reduced
r u n o f f  i n  d ry  ru n s  from t h a t  from b a re  s o i l  t r e a tm e n ts ,  when ave rag ed
o v e r  a l l  s o i l s  and s l o p e s ,  by 17 and 28%, r e s p e c t i v e l y .  Mulch r a t e s
had no e f f e c t  on r u n o f f  d u r in g  wet ru n s .
I n f i l t r a t i o n  and s u r f a c e  d e t e n t i o n  w i th  no mulch n e a r ly  eq u a le d  th e  
a p p l i c a t i o n  r a t e  d u r in g  t h e  f i r s t  10 m in u tes  o f  d r y  ru n s .  Runoff was 
th en  i n i t i a t e d  and in c r e a s e d  r a p id l y  u n t i l  i t  l e v e l e d  o f f  to  ab o u t  70% 
o f  th e  a p p l i c a t i o n  r a t e  a t  ab o u t  20 m in u te s  i n t o  t h e  d ry  ru n s .  With 
2 .2 4  t / h a  o f  s u r f a c e  mulch, r u n o f f  began a t  ab o u t  20 m in u te s  and 
in c r e a s e d  u n t i l  i t  approached th e  a p p l i c a t i o n  r a t e  n e a r  t h e  end o f  th e  
i n i t i a l  1 -h o u r  ru n .  Thus th e  mulch a p p l i c a t i o n  d e la y e d  i n i t i a t i o n  o f  
r u n o f f ,  b u t  th e  r u n o f f  r a t e  a t  t h e  end o f  th e  run  was g r e a t e r  th a n  t h a t  
w i th  no mulch.
Lang e t  a l .  f e l t  t h a t  fo rm a tio n  o f  a s u r f a c e  s e a l  by ra in d ro p  
im pact reduced  i n f i l t r a t i o n  and i n i t i a t e d  r u n o f f  on t h e  b a r e  s u r f a c e s .  
They f e l t  th e  l e v e l i n g  o f f  o f  r u n o f f  r a t e s  a f t e r  20 m in u te s  d u r in g  th e  
d ry  ru n s  may have been  due t o  removal o f  t h e  s u r f a c e  s e a l  by t u r b u l e n t  
s u r f a c e  f lo w . R esearch  by E p s t e in  and G ran t (1971) was r e f e r e n c e d  to  
r e i n f o r c e  t h i s  c o n c e p t ,  a l th o u g h  i t  was p o in te d  o u t  t h a t  E p s t e in  and 
G ran t  b e l i e v e d  t h a t  th e  fo rm a tio n  and r e fo rm a t io n  o f  a s e a l  i s  a 
co n t in u o u s  p ro c e s s .  Lang e t  a l .  c r e d i t e d  mulched s u r f a c e s  f o r  
d i s s i p a t i n g  energy  o f  r a in d r o p s ,  red u c in g  s u r f a c e  s e a l  fo rm a t io n s  and 
i n c r e a s i n g  s u r f a c e  d e t e n t i o n  a s  s p la s h e d  s o i l  p a r t i c l e s  formed sm all  
dams a g a i n s t  s m a l l  p i e c e s  o f  s t r a w .
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D uring  th e  1-hour wet ru n s ,  r u n o f f  f o r  a l l  t r e a tm e n t s  began 
im m edia te ly  and in c re a s e d  r a p id ly  to  a c o n s t a n t  r a t e ,  e x c e p t  t h a t  
r u n o f f  a t  10 m inu tes  o f  th e  wet ru n s  was s l i g h t l y  g r e a t e r  th a n  
t h e r e a f t e r .  Dang e t  a l .  b e l ie v e d  mulch e f f e c t i v e n e s s  on r u n o f f  d u r in g  
t h e  wet ru n s  was due to  a r e d u c t io n  i n  h y d r a u l i c  c o n d u c t i v i t y  caused  by 
c r u s t i n g  and c o . l lo d ia l  s w e l l in g .
S o i l s  o b ta in e d  n e a r  Underwood, N orth  D akota r e p r e s e n t e d  a m ix tu re  
o f  th e  to p  46 cm o f  Arnegard and Bowbell s o i l  ( f in e - lo a m y ,  mixed P ach ic  
H a p lo b o r o l l s )  w i th  a h i s t o r y  o f  c u l t i v a t i o n .  The t e x t u r e  was ab o u t  23, 
52, and 25% c l a y ,  s i l t  and sand , r e s p e c t i v e l y .  The s o i l  c o n ta in e d  
ab o u t  2.5% o rg a n ic  m a t t e r .  The a g g re g a te  s t a b i l i t y  and d i s p e r s i o n  r a t e  
was ab o u t  32 .2  and 32.7%, r e s p e c t i v e l y .
When p la c e d  on 3% s lo p e s ,  s o i l  l o s s  av e rag ed  330, 130 and 70 g/m2 
d u r in g  d ry  ru n s  and 350, 180, and 170 g/m2 d u r in g  wet ru n s  f o r  mulch 
r a t e s  o f  0, 1 .12  and 2 .24  t / h a ,  r e s p e c t i v e l y .  Runoff was ab o u t  30, 22 
and 17 kg/m2 d u r in g  d ry  ru n s  and ab o u t  48, 40 and 48 kg/m2 d u r in g  wet 
ru n s  f o r  th e  r e s p e c t i v e  mulch r a t e s .
Kramer and Meyer (1969) conducted  l a b o r a t o r y  e x p e r im e n ts  i n  which 
f i b e r g l a s s  e l e c t r i c a l  s le e v in g  was used  t o  s i m u la te  s t r a w  r a t e s  o f  
0 .2 8 ,  0 .5 6 ,  1 .12  and 2 .24  t / h a .  G lass  s p h e r e s  a v e ra g in g  33 and 121 
m icrons  i n  d ia m e te r  s im u la ted  s i l t  s i z e  and sand  s i z e  s o i l  p a r t i c l e s ,  
r e s p e c t i v e l y .  A f a c t o r i a l  experim ent was u sed  t o  t e s t  e r o s io n  r a t e  and 
r u n o f f  v e l o c i t y  f o r  th e s e  mulch r a t e s ,  fo u r  d i f f e r e n t  s lo p e s  and t h r e e  
d i f f e r e n t  s lo p e  l e n g t h s .
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S i l t - s i z e  p a r t i c l e s  g e n e r a l l y  e roded  much more u n d e r  i d e n t i c a l  
t r e a tm e n ts  th a n  d id  f i n e - s a n d  s i z e  p a r t i c l e s .  Mulch r a t e ,  s lo p e  
s t e e p n e s s  and s lo p e  l e n g th  each  s i g n i f i c a n t l y  a f f e c t e d  th e  r a t e  o f  
e r o s io n  and r u n o f f  v e l o c i t y .  S lope s t e e p n e s s  and mulch r a t e  had th e  
g r e a t e s t  e f f e c t  on e r o s io n  and r u n o f f  v e l o c i t y ,  r e s p e c t i v e l y ;  however, 
t h e r e  were s i g n i f i c a n t  i n t e r a c t i o n s  among th e  t r e a t m e n t s .
Kramer and Meyer concluded  t h a t  compared w i th  no-m ulch c o n d i t i o n s ,  
mulch r a t e s  o f  0 .5 6  to  2 .2 4  t / h a  g r e a t l y  reduced  th e  e r o s io n  r a t e  and 
r u n o f f  v e l o c i t y  f o r  a wide range  o f  s lo p e  s t e e p n e s s e s  and l e n g t h s .  
Mulch r a t e s  o f  0 .2 8  and 0 .5 6  t / h a  e f f e c t i v e l y  red u ced  e r o s io n  o f  
f i n e - s a n d  s i z e  h u t  no t  s i l t - s i z e  p a r t i c l e s .  E ro s io n  o f  s i l t - s i z e  
p a r t i c l e s  was a c t u a l l y  i n c r e a s e d  f o r  some co m b in a t io n s  o f  t r e a tm e n ts  
l e v e l s .  For example, w ith  a s lo p e  o f  6% and a s lo p e  l e n g th  o f  30 .5  m, 
th e  e r o s io n  r a t e  w i th  0 .2 8  t / h a  o f  mulch was ab o u t  3 .2  t im e s  t h a t  f o r  
no mulch f o r  th e  s i l t - s i z e  s p h e r e s .  When h i g h e r  mulch r a t e s  were 
a p p l i e d ,  th e r e  was enough t o t a l  r e s i s t a n c e  t o  r u n o f f  t o  a l s o  reduce  
e r o s io n  f o r  th e  s i l t - s i z e  s p h e r e s .
R esearch  R e s u l t s  from F ie ld  E xperim ents
F i e l d  p l o t s  u n d er  n a t u r a l  r a i n f a l l  o r  u n d e r  s im u la te d  r a i n f a l l  a r e  
a l s o  used  t o  s tu d y  th e  e f f e c t s  o f  s u r f a c e  r e s id u e s  on s o i l  e r o s io n .  
E ro s io n  from such a r e a s  may in c lu d e  b o th  r i l l  and  i n t e r r i l l  e r o s io n .  A 
few examples w i l l  now be g iv en  o f  s im u la te d  r a i n f a l l  s t u d i e s  o f  e r o s io n  
from l a r g e r  p l o t s  l o c a t e d  i n  f i e l d  a r e a s .
Mannering and Meyer (1963) s t u d i e d  t h e  e f f e c t s  o f  a p p l i e d  wheat 
mulch on i n f i l t r a t i o n  and e r o s io n  o f  a h ig h ly  perm eab le  Wea s i l t  loam
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s o i l  u s in g  3 .7  by 10.7 m p l o t s .  P l o t s  were on 5% s lo p e .  Wheat s t r a w ,  
ab o u t  15 to  25 cm i n  l e n g th ,  was a p p l i e d  by hand t o  f a l l o w  s o i l  t h a t  
had been d isk ed  t h r e e  t im es to  a d e p th  o f  5 t o  8 cm. Straw r a t e s  o f  
abou t  0 . 6 ,  1 .1 ,  2 .2 ,  4 .5  and 9 .0  t / h a  p ro v id e d  40, 60, 87, 98 and 100% 
ground co v e r  r e s p e c t i v e l y .  A randomized b lo c k  d e s ig n  was used  w i th  two 
r e p l i c a t i o n s  o f  each t r e a tm e n t .
A s e r i e s  o f  s im u la ted  storm s was a p p l i e d  w i th  an i n t e n s i t y  o f  64 mm 
p e r  h o u r .  There was an i n i t i a l  60 m in u te s  ru n  a t  e x i s t i n g  m o is tu r e  
c o n d i t i o n s  fo llow ed  24 hours  l a t e r  by two 30 m in u te  ru n s  s e p a r a t e d  by 
an  i n t e r v a l  o f  15 m in u te s .  A f t e r  an  a d d i t i o n a l  2 4 -h o u r  p e r io d ,  t h e r e  
was a n o th e r  30 m inute  run .
T o ta l  r u n o f f  d ec rea sed  w i th  i n c r e a s i n g  r a t e s  o f  mulch up t o  4 .5  
t / h a ,  a t  which p o in t  n e a r ly  a l l  o f  t h e  a p p l i e d  w a te r  moved th ro u g h  th e  
s o i l  p r o f i l e .  H igher r a t e s  o f  mulch p r e v e n te d  a s u r f a c e  s e a l  and
a llow ed w a te r  t o  move th rough  th e  h ig h ly  p erm eab le  s o i l .  T o ta l  s o i l  
l o s s  was reduced  from 26.9 t / h a  f o r  0 t / h a  o f  s t r a w  to  o n ly  6 .7  and 2 .2  
t / h a  f o r  th e  0 .6  and 1.1 t / h a  r a t e  o f  s u r f a c e  s t r a w ,  r e s p e c t i v e l y .  
T o ta l  r u n o f f  from th e  s e r i e s  o f  s to rm s was 7 . 2 ,  6 .4 ,  4 .0 ,  0 .8 ,  0 .2  and 
0 cm f o r  s t ra w  r a t e s  o f  0, 0 .6 ,  1 .1 ,  2 .2 ,  4 .5  and 9 .0  t / h a ,
r e s p e c t i v e l y .  S o i l  l o s s e s  were 28, 7, 3, 1, 0 , and 0 t / h a ,
r e s p e c t i v e l y .
Mannering and Meyer observed  t h a t  s t ra w  mulch c r e a t e d  b a r r i e r s  and 
o b s t r u c t i o n s  o v e r  o r  around which r u n o f f  had to  move. A r e d u c t i o n  i n  
v e l o c i t y  o f  flow  a l s o  caused  a d e c r e a s e  in  p a r t i c l e  detachm ent and 
t r a n s p o r t  c a p a c i ty  o f  th e  r u n o f f .
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Meyer e t  a l .  (1970) conduc ted  a s i m i l a r  s tu d y  on a m o d era te ly  
eroded Pox loam s o i l .  The p e r m e a b i l i t y  o f  t h e  s o i l  was c l a s s i f i e d  a s  
m odera te  t o  s low . Fo llow ing  th e  h a r v e s t  o f  o a t s ,  a l l  l o o s e  s t u b b l e  and 
s u r f a c e  r e s id u e s  were removed from t e s t  p l o t s .  A s p l k e - t o o t h  harrow 
was u sed  t o  b re a k  t h e  s u r f a c e  c r u s t  o f  th e  s o i l .  P lo t s  were on s lo p e s  
t h a t  averaged  15%. Data from s lo p e s  t h a t  d e v ia t e d  from 15% were 
a d j u s t e d ,  u s in g  s lo p e  f a c t o r s  from th e  USLE, t o  r e p r e s e n t  r e s u l t s  from 
15% s lo p e s .  P lo t  d im ensions and s t r a w  r a t e s  rem ained  t h e  same a s  i n  
th e  s tu d y  by Mannering and Meyer. S im u la ted  r a i n f a l l  was a p p l i e d  a t  an 
i n t e n s i t y  o f  64 mm p e r  hour d u r in g  an  i n i t i a l  60 -m inu te  run  fo l lo w ed  
t h e  n ex t  day by two 30-m inute ru n s  s e p a ra te d  by a 15 -m inu te  i n t e r v a l .
An a n a l y s i s  o f  v a r ia n c e  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  r a t e s  o f  
s u r f a c e  s t r a w  on s o i l  l o s s  was s i g n i f i c a n t  a t  t h e  1% l e v e l .  E f f e c t s  o f  
r a t e s  o f  r e s id u e  on r u n o f f ,  i n f i l t r a t i o n  amount, and end  i n f i l t r a t i o n  
r a t e  were s i g n i f i c a n t  a t  t h e  5% l e v e l ,  b u t  o n ly  f o r  t h e  i n i t i a l  ru n .
A summary o f  r u n o f f  and s o i l  l o s s  f o r  t h e  d i f f e r e n t  r a t e s  o f  
s u r f a c e  s t ra w  a r e  p re s e n te d  i n  T ab le  2 . S u r fa c e  s t r a w  r a t e s  o f  0 .6  and 
4 .5  t / h a  reduced  s o i l  l o s s  d u r in g  i n i t i a l  ru n s  from t h a t  w i th  0 t / h a  by 
ab o u t  73 and 97%, r e s p e c t i v e l y .  R eduction  i n  s o i l  l o s s  f o r  t h e  t o t a l  
s e r i e s  of runs  f o r  th e s e  s t r a w  r a t e s  was ab o u t  68 and 96%, 
r e s p e c t i v e l y .  A l a r g e  r e d u c t io n  o f  s o i l  l o s s  was o b ta in e d  w i th  a 
r e l a t i v e l y  sm a l l  a p p l i c a t i o n  o f  s t ra w ,  a l th o u g h  co m p le te  r e d u c t i o n  o f  
s o i l  l o s s  f o r  i n i t i a l ,  wet and v e ry  wet ru n s  r e q u i r e d  l a r g e  amounts o f  
s t r a w .  The 0 .6  t / h a  r a t e  o f  s t r a w  p ro v id ed  only  ab o u t  34% ground 
c o v e r .
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T ab le  2. E ro s io n  and r u n o f f  d a t a  f o r  r a i n u l a t o r  s tu d y  o f  r a t e s  o f  s t r a w  
mulch from Meyer e t  a l  (1 9 7 0 ) .
Mulch
E a t e i / Runoff S o i l  Loss
I n i t i a l Wet Very Wet I n i t i a l Wet Very Wet
t / h a cm cm cm t / h a t / h a t / h a
0 4.1 2.2 2.4 36.2 13.1 13.0
0 .5 6 3.1 2.2 2.3 9 .9 5.1 5 .1
1 .12 3.6 2 .3 2 .4 10.1 4 .5 4 .8
2 .2 4 3.8 2.3 2.5 6 .2 2 .4 2.9
4 .4 8 2.7 2 .0 2.3 1.2 0 .6 0.7
8 .9 6 3.0 2.2 2 .5 0.9 0 .4 0 .2
®/ Ground co v e r  was 34, 49, 71, and 92% f o r  t h e  0 .5 6 ,  1 .1 2 ,  2 .2 4  and 
4 .48  t / h a  r a t e s ,  r e s p e c t i v e l y .  Ground co v e r  f o r  t h e  8 .9 6  t / h a  r a t e  
was g r e a t e r  th an  95%.
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Num erical d i f f e r e n c e s  i n  r u n o f f  were v e ry  m in im al,  even though th e  
a n a l y s i s  o f  v a r ia n c e  showed a s i g n i f i c a n t  e f f e c t  o f  s u r f a c e  s t r a w  on 
r u n o f f .  There was a 24% re d u c t io n  i n  r u n o f f  f o r  t h e  0 .6  t / h a  s t ra w  
r a t e  a s  compared to  0 t / h a ;  however, t h e  r e d u c t i o n  i n  r u n o f f  f o r  t h e
1.12 and 2 .2 4  t / h a  s u r f a c e  r a t e s  o f  s t r a w  was on ly  ab o u t  12 and 7%, 
r e s p e c t i v e l y .  The sm all  m agnitude o f  r u n o f f  v a lu e s  cau sed  th e s e  
p e r c e n t  r e d u c t io n s  to  be v e ry  n e g l i g i b l e  a s  f a r  a s  any p o t e n t i a l  e f f e c t  
i n  red u c in g  s o i l  l o s s .  Runoff v a lu e s  d u r in g  wet and v e ry  wet ru n s  
showed no s i g n i f i c a n t  d i f f e r e n c e s  f o r  th e  d i f f e r e n t  r a t e s  o f  s t r a w .  
There was l i t t l e  change i n  r u n o f f  v e l o c i t i e s  beyond th e  f i r s t  r e d u c t io n  
o f  abou t 49% o b ta in ed  w i th  th e  0 .6  t / h a  o f  s u r f a c e  s t r a w .  The p rim ary  
e f f e c t  o f  h ig h e r  r a t e s  o f  s u r f a c e  s t r a w  was t h e  r e d u c t i o n  i n  r a i n f a l l  
im pact en e rg y .
The a u th o rs  no ted  t h a t  r u n o f f  fo l lo w ed  very  to r t u o u s  p a th s  on 
mulched p l o t s ,  th u s  d e c re a s in g  t h e  e f f e c t i v e  s lo p e  s t e e p n e s s .  S traw  
segments p e r p e n d ic u la r  t o  th e  s lo p e  a l s o  s e r v e d  a s  " sed im en t t r a p s "  
where d e tach ed  s o i l  accum ulated and dev e lo p ed  a m i n ia tu r e  s t a i r c a s e  o r  
bench ing  ap p earance .
Van Liew and Saxton (1983) conduc ted  t e s t s  on 10 m lo n g  p l o t s  i n  
which r i l l s  were preform ed i n  t h e  p l o t s  by p r e s s i n g  a g a rd en  hose  i n t o  
th e  s o i l  s u r f a c e .  One t re a tm e n t  c o n s i s t e d  o f  a b a r e  s o i l  i n  which a l l  
s t ra w  s tu b b le  from th e  p re v io u s  y e a r ' s  h a r v e s t  was removed. A second 
t r e a tm e n t  c o n s i s t e d  o f  abou t 4 .7  t / h a  o f  e x i s t i n g  s t r a w  from th e  
p re v io u s  y e a r ' s  c ro p  in c o r p o r a te d  i n t o  t h e  u p p e r  20 cm o f  s o i l  w i th  a 
r o t o - t i l l e r .  A t h i r d  t r e a tm e n t  was i d e n t i c a l  t o  t h e  second e x c e p t  t h a t
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s t r a w  was added such t h a t  a r a t e  o f  9 .4  t / h a  was a c h ie v e d .  The s o i l  
was a P a louse  s i l t  loam, which c o n ta in e d  ab o u t  11, 71, and 18% c l a y ,  
s i l t  and sand , r e s p e c t i v e l y .
W ater was in t ro d u c e d  above th e  u p p er  end o f  each  r i l l  t o  s im u la te  
two flow r a t e s  o f  about 0 .5  and 0 .1 0  m  ^ p e r  m e te r  o f  r i l l  l e n g th .
E xperim ents  were conducted  d u r in g  a 4 -hour p e r io d  on s lo p e s  o f  9 ,  18
and 23%, r e s p e c t i v e l y .  Garden s p r i n k l e r s  were u sed  f o r  two h o u rs  on 
th e  day b e f o re  t e s t  runs t o  c o n s o l i d a t e  and wet th e  s o i l  t o  a d e p th  of 
a b o u t  10 cm.
T here  was l i t t l e  i n f i l t r a t i o n  d u r in g  ru n s ,  w i th  r u n o f f  r a t e s  o f
abou t  95% o f  th e  a p p l i e d  r a t e  f o r  th e  z e ro  and mediun r e s id u e
t r e a t m e n t s .  I n f i l t r a t i o n  r a t e s  on th e  h ig h  r e s id u e  t r e a tm e n ts  were 
c h a r a c t e r i z e d  by a sm a ll  e x p o n e n t i a l  d ecay .  Medium and h ig h  r e s id u e  
r a t e s  reduced  r i l l  e r o s io n  r a t e s  t o  60 and 85% o f  t h a t  w i th  no r e s id u e .
Van Liew and Saxton concluded  t h a t  th e  i n c o r p o r a t e d  s t r a w  red u ced  
th e  f lo w 's  s h e a r  s t r e s s ,  a c te d  a s  a b in d in g  a g e n t  t o  red u ce  th e  
s u s c e p t i b i l i t y  t o  s h e a r  s t r e s s ,  and p ro v id ed  m i n ia tu r e  g ra d e  c o n t r o l  
s t r u c t u r e s  i n  th e  r i l l  c h a n n e ls  t h a t  se rv e d  a s  d e p o s i t i o n a l  s i t e s  f o r  
d e tach ed  s o i l .  T h e i r  r e s u l t s  su g g es ted  t h a t  t i l l a g e  p r a c t i c e s  t h a t  
i n c o r p o r a t e  r e s id u e  i n t o  t h e  t i l l e d  s o i l  l a y e r  can  s u b s t a n t i a l l y  reduce  
s o i l  l o s s  from r i l l  e r o s io n .  U n fo r tu n a te ly ,  t h e i r  s t u d i e s  were n o t  
complemented w ith  r e s u l t s  o f  r u n o f f  and s o i l  l o s s e s  from i n t e r r i l l  
a r e a s  w i th  in c o rp o ra te d  r e s id u e s .  T h e i r  r e s u l t s  were a l s o  l i m i t e d  i n  
t h a t  th e  e f f e c t  o f  r a i n f a l l  on th e  flow  and t r a n s p o r t  c a p a c i t y  of 
r u n o f f  was n o t  c o n s id e re d .
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Mulch F a c to r  a s  a F u n c t io n  o f  P e rc e n t  Ground Cover
Wischmeier (1973) d e f in e d  a mulch f a c t o r  f o r  u s e  In  e s t im a t in g  s o i l  
l o s s  a s  b e in g  e q u a l  t o  t h e  r a t i o  o f  s o i l  l o s s  w i th  a g iv e n  p e rc e n ta g e  
o f  mulch co v e r  t o  th e  s o i l  l o s s  w i th  no m ulch. He p re s e n te d  c u rv e s  in  
which th e  mulch f a c t o r  d e c re a s e d  w i th  i n c r e a s e s  i n  p e r c e n t  co v e r  and 
f o r  which th e  e f f e c t  o f  v a r y in g  p e r c e n ta g e s  o f  co v e r  by p l a n t  canopy 
were a l s o  in c lu d e d .  R e l a t i o n s h ip s  were n o t  d e s c r ib e d  i n  m a th em atica l  
te rm s ,  bu t  th e  fo l lo w in g  e q u a t io n  c l o s e l y  ap p ro x im a te s  h i s  curve f o r  
mulch f a c t o r  (MF) a s  a f u n c t io n  o f  p e r c e n t  ground co v e r  (GC) when th e r e  
i s  no p l a n t  canopy:
100 MF = 93 .68  -  1 .69  GC +  0 .008  (GC)2
This e q u a t io n  was o b ta in e d  by s e l e c t i n g  MF and GC v a lu e s  from 
W isch m e ie r '8 p l o t t e d  curve and can  be used  f o r  ground co v e r  t h a t  
exceeds a lower l i m i t  of ab o u t  5%. The mulch f a c t o r  r e p r e s e n t s  bo th  
t h e  r i l l  and i n t e r r i l l  components o f  t h e  e r o s io n  p ro c e s s .
Cogo e t  a l .  (1984) s t a t e d  t h a t  t h e  mulch f a c t o r  may be e x p re s s e d
a s :
F a  e -bm
where F i s  t h e  mulch f a c t o r ,  m i s  p e r c e n t  r e s id u e  co v e r ,  and b i s  a 
r e g r e s s i o n  c o n s t a n t .
Cogo e t  a l .  used  s im u la te d  r a i n f a l l  on 3 .0  by 10.7 m p l o t s  to  
o b ta in  d a t a  t o  e v a lu a t e  th e  mulch f a c t o r .  R a i n f a l l  i n t e n s i t y  o f  64 mm
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p e r  hour was a p p l i e d  d u r in g  a 60-m inu te  i n i t i a l  ru n ,  and fo l lo w ed  i n  24 
h o u rs  hy two 30-m inute ru n s  s e p a r a t e d  by a 15 -m inu te  i n t e r v a l .
Cogo e t  a l .  computed b v a lu e s  f o r  f i v e  t i l l a g e  and c ro p p in g  
management sys tem s. T i l l a g e  t r e a tm e n t s  in c lu d e d  n o - t i l l ,  f a l l  
m oldboard-plow ing w ith  d i s k in g ,  s p r in g  sweep t i l l a g e  o n ly ,  and summer 
sweep t i l l a g e .  Soybean and c o rn  r e s id u e  c o v e r  ran g ed  from 2 t o  100% 
and was e i t h e r  sp re ad  even ly  on t h e  s u r f a c e  a f t e r  t i l l a g e  o r  p a r t i a l l y  
in c o r p o r a te d  d u r in g  t i l l a g e .  Wheat r e s id u e  co v e r  ranged  from 1 t o  100% 
and c o n s i s t e d  o f  e i t h e r  wheat s t u b b l e  o r  w heat s t u b b l e  p lu s  s t r a w .  
Wheat s t r a w  r e s id u e  was e i t h e r  l e f t  on th e  s u r f a c e  f o r  n o - t i l l ,  o r  
anchored  from p a r t i a l  i n c o r p o r a t i o n  by sweep t i l l a g e .
Cogo e t  a l .  observed  t h a t  t h e  e f f e c t s  o f  s u r f a c e  ro u g h n ess  and 
co v e r  i n t e r a c t e d ,  b u t  th e  e f f e c t  o f  r e s i d u e  c o v e r  was g r e a t e r  th a n  th e  
e f f e c t  o f  s u r f a c e  roughness f o r  h ig h  v a lu e s  o f  r e s id u e  c o v e r .  A 
roughness  in d ex  was d e f in e d  a s  t h e  s t a n d a r d  e r r o r  among lo g a r i th m s  o f  
s u r f a c e  e l e v a t io n s  o b ta in e d  w i th  a 102-cm m i c r o r e l i e f  m e te r  w i th  p in s  
spaced  on a 5 .1 cm g r i d .
Mannering and F e n s te r  (1977) n o te d  t h a t  t h e  e f f e c t i v e n e s s  of  c rop  
r e s id u e s  i n  c o n t r o l l i n g  e r o s io n  in c lu d e  t h e  t y p e  o f  c r o p ,  t h e  amount 
and ty p e  o f  r e s id u e s  produced , rem oval o r  non -rem oval  o f  r e s i d u e s ,  and 
t i l l a g e  e f f e c t s  on r e s id u e  p lacem en t .  Q u a n t i t y ,  d i s t r i b u t i o n ,  and 
d u r a b i l i t y  o f  r e s id u e s  v a ry  f o r  d i f f e r e n t  c r o p s .  Corn r e s id u e  amounts 
a r e  no rm ally  h ig h e r  th a n  r e s id u e s  from  s m a l l  g r a i n ,  so y b ea n s ,  c o t t o n ,  
and to b acco .  Mannering and F e n s t e r  s t a t e d  t h a t  s m a l l  g r a i n  r e s id u e s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
a r e  s u p e r io r  t o  co rn  s t a l k s  f o r  e r o s io n  c o n t r o l .  The s m a l l  d ia m e te r  o f  
th e  s t r a w  means more o f  th e  ground s u r f a c e  i s  co v e red  ev en  though th e  
t o t a l  amount of  r e s id u e  i s  u s u a l l y  l e s s .
Crop R esidues  and T i l l a g e  P r a c t i c e s
Mannering and F e n s t e r  (1977) b e l i e v e  t h a t  t h e  i n f l u e n c e  o f  t i l l a g e  
p r a c t i c e s  on p lacem ent o f  c ro p  r e s id u e s  can  have m a jo r  e f f e c t s  on s o i l
l o s s e s  from e r o s io n .  They r e p o r t e d  t h a t  th e  s u r f a c e  m ic ro to p o g rap h y
and p lo w - la y e r  p o r o s i t y  o f  th e  s o i l  f o l lo w in g  t i l l a g e  can  s t r o n g l y  
a f f e c t  s o i l  e r o s io n ,  bu t  t h a t  r e s id u e  p lacem en t i s  u s u a l l y  t h e  dominant 
f a c t o r  a f f e c t i n g  the  e r o s io n  p ro c e s s .
Mannering and F e n s t e r  (1977) grouped  t i l l a g e  in s t r u m e n t s  commonly 
used  f o r  a wide range o f  r e s id u e  p lacem ent i n t o  s e v e r a l  m ajor 
c a t e g o r i e s  t h a t  in c lu d ed  moldboard plows; c h i s e l  plows and o f f s e t  
d i s k s ;  f i e l d  c u l t i v a t o r s  and sh a l lo w  d i s k s ;  and sweep o r  b la d e  ty p e  
im plem ents .  Moldboard plows le a v e  l i t t l e  r e s i d u e  on t h e  s u r f a c e .  Most 
o f  th e  r e s id u e  i s  b u r ie d  t o  a d e p th  o f  12 t o  25 cm. C h i s e l  plows and 
o f f s e t  d i s k s  can  l e a v e  a p p r e c i a b l e  amounts o f  r e s i d u e  on t h e  s u r f a c e ,  
b u t  p a r t i a l l y  i n c o r p o r a t e  some o f  th e  r e s i d u e s .  These im plem ents a r e  
a l s o  n o rm a lly  u sed  a t  d e p th s  o f  12 t o  25 cm. F i e l d  c u l t i v a t o r s  and
sh a llo w  d i s k s  l e a v e  a p p r e c i a b l e  amounts o f  r e s id u e s  on t h e  s u r f a c e  and
p a r t i a l l y  i n c o r p o r a t e  r e s id u e s  t o  a d e p th  o f  7 t o  15 cm. Sweep o r  
b la d e  ty p e  im plements can be u sed  t o  u n d e rc u t  r e s id u e s  a t  sh a l lo w  
d e p th s  o f  7 t o  12 cm, w h ile  most o f  t h e  r e s id u e s  a r e  l e f t  on th e  s o i l  
s u r f a c e .
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L i t e r a t u r e  Review Summmary
T h is  l i t e r a t u r e  su rv e y  h as  r e v e a le d  t h a t  t h e  e r o s io n  p r o c e s s  i s  
complex, b u t  t h a t  much p r o g r e s s  tow ard e r o s io n  p r e d i c t i o n  and c o n t r o l  
h as  been made th ro u g h  em phasis on a few o f  th e  m ajo r  f a c t o r s  
i n f lu e n c in g  e r o s io n .  A p p l ic a t io n  o f  t h e  USLE h as  b een  an example o f  
how knowledge o f  a few f a c t o r s  can  r e s u l t  i n  improved e r o s io n  c o n t r o l  
p r a c t i c e s .  There h as  been  g e n e r a l  ag reem ent among r e s e a r c h e r s  t h a t  th e  
e r o s io n  p ro c e s s  b e g in s  when r a in d r o p s  s t r i k e  th e  s o i l  s u r f a c e ;  t h a t  th e  
e r o s io n  p ro c e s s  can  be d iv id e d  i n t o  r i l l  and i n t e r r i l l  components; t h a t  
many s o i l s  when u n p ro te c te d  by co v e r  e x h i b i t  a tendency  to  have a 
s e a l i n g  e f f e c t ,  which r e s u l t s  i n  reduced  i n f i l t r a t i o n  and in c r e a s e d  
r u n o f f  amounts; and  t h a t  p l a n t  canopy and s u r f a c e  r e s id u e s  a r e  h ig h ly  
b e n e f i c i a l  i n  r e d u c in g  e r o s io n .
R ese a rc h e rs  have been  h ig h ly  s u c c e s s f u l  i n  u s in g  s im u la te d  r a i n f a l l  
on p l o t s  i n  f i e l d  a r e a s  t o  s tu d y  th e  v a r io u s  f a c t o r s  t h a t  i n f lu e n c e  
e r o s io n .  Such s t u d i e s  have r e s u l t e d  i n  new in fo rm a t io n  a t  a  much more 
r a p id  pace  th a n  would be p o s s i b l e  w i th  j u s t  a c cu m u la t io n  o f  d a t a  from 
f i e l d  p l o t s  and w a te rsh ed s  u n d er  n a t u r a l  r a i n f a l l .  L ab o ra to ry  
ex p e r im en ts  t h a t  u t i l i z e  r a i n f a l l  s im u la to r  and s m a l l  s o i l  pans have 
a l s o  p ro v id ed  u s e f u l  d a t a ,  o b ta in e d  u n d er  c o n t r o l l e d  c o n d i t i o n s ,  f o r  
s tu d y in g  th e  b a s i c  m echanics o f  t h e  e r o s io n  p r o c e s s .
The su rv e y  o f  l i t e r a t u r e  shows t h a t  much has  been  l e a r n e d  ab o u t  th e  
r o l e  o f  crop  r e s i d u e s ,  p a r t i c u l a r l y  th o s e  which a r e  l e f t  on th e  
s u r f a c e ,  i n  r e d u c in g  e r o s io n .  L im ited  in fo r m a t io n  i s  a v a i l a b l e  about
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th e  e f f e c t i v e n e s s  o f  i n c o r p o r a t e d  r e s id u e s .  R esea rch  r e p o r t s  on 
In c o rp o ra te d  r e s id u e  s t u d i e s  have been  g e n e r a l ly  somewhat vague 
co n ce rn in g  th e  meaning o f  i n c o r p o r a t i o n .  P r e c i s e  m easurem ents o f  
in c o rp o ra te d  r a t e s  and d e p th s  were n o t  g e n e r a l l y  g iv e n .  The e f f e c t  o f  
v a r i a t i o n s  i n  th e  r a t i o s  o f  s u r f a c e  t o  i n c o r p o r a t e d  r a t e s  o f  r e s id u e s  
h a s  n o t  been a d e q u a te ly  s tu d i e d .  F u tu re  r e s e a r c h  t h a t  p r o p e r ly  
a d d re s s e s  th e  i s s u e  o f  i n c o r p o r a t e d  r e s id u e s  w i l l  h o p e f u l ly  r e s u l t  i n  
a d d i t i o n a l  management a l t e r n a t i v e s  t h a t  w i l l  be e f f e c t i v e  i n  re d u c in g  
e r o s io n .
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PROCEDURE
S o i l  D e s c r ip t io n
The Grenada s i l t  loam s o i l  ( G lo s s ic  F r a g i u d a l f ) ,  was o b t a in e d  from 
th e  North M i s s i s s i p p i  Branch o f  th e  M i s s i s s i p p i  A g r i c u l t u r a l  and 
F o r e s t r y  Experim ent S t a t i o n ,  H olly  S p r in g s ,  M i s s i s s i p p i .  The s o i l  
was removed from th e  plow l a y e r  (0 -1 5  cm) i n  t h e  summer o f  1984 a f t e r  
b e in g  d is k e d  tw ic e .  I t  was s ie v e d  through  a 12.7 mm mesh s c r e e n  and 
a l low ed  to  a i r  d ry  t o  a  m o is tu r e  c o n te n t  o f  ab o u t  1.5%.
Grenada s i l t  loam i s  t y p i c a l  o f  h ig h ly  e r o d ib l e  s o i l s  i n  th e  
M id-South , p a r t i c u l a r l y  l o e s s  o v e r  C o a s ta l  P l a i n  m a t e r i a l  i n  th e  
S o u the rn  V a l le y  S i l t y  Uplands la n d  r e s o u r c e  a r e a .  These s o i l s  have 
h ig h  s i l t  and low sand c o n te n t  and a r e  m o d era te ly  t o  r e l a t i v e l y  h igh  in  
f e r t i l i t y .  The Grenada s o i l s  u s u a l l y  o cc u r  e a s t  o f  t h e  M i s s i s s i p p i  
R iv e r  and ex ten d  i n  a b e l t  a d j a c e n t  t o  M i s s i s s i p p i  R iv e r  bo ttom lands  
from L o u is ia n a  northw ard  to  th e  Ohio R iv e r  ( V i r g in i a  A g r i c u l t u r a l  
Experim ent S t a t i o n ,  1959). The s o i l s  a r e  m odera te ly  w e l l  d r a in e d ,  b u t  
c o n ta in  a f r a g ip a n  a t  ab o u t  60 t o  75 cm below th e  s o i l  s u r f a c e .
The a r e a  from which th e  s o i l  was ta k e n  had been  c ropped  i n  
co n t in u o u s  c o rn .  The s o i l  c o n ta in e d  ab o u t  4, 81, and 15% sand , s i l t  
and c l a y ,  r e s p e c t i v e l y .  The bulk  d e n s i t y  o f  t h e  s o i l  i n  p l a c e  a f t e r  
t h e  c o rn  h a r v e s t  o f  1983 was 1 .2  g/cm3 . O ther p r o p e r t i e s  o f  t h e  s o i l  
in c lu d e d  a c a t i o n  exchange c a p a c i ty  o f  7 .3  me/100 g ,  a pH o f  6 .5 ,  and 
a w a te r  h o ld in g  c a p a c i t y  o f  ab o u t  16%. The p e r c e n t  m o is tu r e  c o n te n t  a t  
0 .3 3  and 15 b a r s  of t e n s i o n  was 25.2 and 8.9%, r e s p e c t i v e l y .
36
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Exchangeable  c a t i o n s  p r e s e n t  In  t h e  s o l i  In c lu d e d  6 .4 1 ,  0 .6 4 ,  0 .0 2  and 
0 .2 4  me/100 gm o f  Ca, Mg, Na, and K, r e s p e c t i v e l y .
R a i n f a l l  S im u la to r
A r a i n f a l l  a p p l i c a t i o n  r a t e  o f  64 mra/h h as  been  w id e ly  u sed  i n  
r a i n f a l l  s im u la to r  s t u d i e s  th ro u g h o u t  th e  c o u n t ry .  Thus a p r im ary  
r e a s o n  f o r  s e l e c t i n g  t h i s  a p p l i c a t i o n  r a t e  f o r  t h i s  s tu d y  was t o  e n s u re  
m ean ing fu l  com parison  w i th  o t h e r  s t u d i e s .
S im u la ted  r a i n f a l l  a t  64 mm/h was a p p l i e d  i n  a s e r i e s  o f  ru n s  f o r  
each  t r e a tm e n t  i n  each  o f  t h e  t h r e e  p a r t s  o f  t h i s  s t u d y .  A s o i l  pan 
was p lace d  u n d e r  s im u la te d  r a i n f a l l  f o r  an i n i t i a l  60-m inu te  run 
fo l lo w ed  i n  24 h o u rs  by two 30-m inu te  ru n s  s e p a ra te d  by a  30 -m inu te  
i n t e r v a l  w i th o u t  r a i n f a l l .  The i n i t i a l ,  second, and t h i r d  ru n s  were 
d e s ig n a te d  d ry ,  wet and v e ry  wet ru n s .  The r a i n f a l l  s im u la to r  was th e  
same a s  d e s c r ib e d  by Meyer and Harmon (19 7 9 ) .
A V e e je t  n o z z le  ( s i z e  no. 80150) was l o c a t e d  3-m above t h e  s o i l  
s u r f a c e  o f  t e s t  p l o t s .  The n o z z le  o s c i l l a t e d  i n  an  a r c  o f  ab o u t  90 
d e g re e s  a c r o s s  t h e  p l o t ,  n o t  from one end o f  t h e  s lo p e  o f  t h e  p l o t  to 
th e  o t h e r  b u t  from one s id e  to  t h e  o t h e r .  Each p a s s  a c r o s s  t h e  p l o t  
r e q u i r e d  ab o u t  0 .5  sec o n d s .  A c lu t c h - b r a k e  d e lay ed  t h e  n o z z le  a f t e r  
each  p a s s  a c r o s s  t h e  p l o t .  The d e la y  t im e  was s e t  by an  e l e c t r o n i c  
t im e r ,  which was d es ig n ed  t o  make p r o v i s io n  f o r  a w ide range, o f  
a p p l i c a t i o n  i n t e n s i t i e s .  The d e la y  time f o r  an  a p p l i c a t i o n  r a t e  o f  64 
mm/hr and a n o z z le  p r e s s u r e  of 41 N/m was about 0 .7  seco n d s .  Meyer 
and Harmon (1979) r e p o r te d  t h a t  th e  im pact energy o f  s im u la te d
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r a in d r o p s  from th e  80150 n o z z le  w i th  a p r e s s u r e  o f  41 N/m and a 3-m 
h e i g h t  p ro v id e s  an energy  o f  275 KJ/ha-mm. T h is  energy  i s  ab o u t  th e  
same as  t h a t  computed f o r  n o r t h  M i s s i s s i p p i  r a i n f a l l  f o r  i n t e n s i t i e s  
g r e a t e r  th a n  25 mm/h (McGregor and M u tch le r ,  1977).
S o i l  Pan D e s c r ip t io n
A Grenada s i l t  loam s o i l  was p la c e d  i n  a s o i l  pan p re c e d in g  ea ch  
s e r i e s  o f  r u n s .  The 0 .91  by 0.91-m s o i l  pan was c o n s t r u c t e d  o f  
p l e x i g l a s s  and th e  t e s t  p l o t  c o n s i s t e d  o f  a c e n t r a l  0 .4 6  by 0 .4 6  m a r e a  
su rrounded  from b o rd e r  a r e a s  by p l e x i g l a s s  s i d e s .  D i f f e r e n c e s  i n  
s p l a s h  i n t o  and o u t  of th e  t e s t  a r e a  was c o n s id e r e d  n e g l i g i b l e  b ecause  
o f  th e  b o rd e r  a r e a s  around th e  t e s t  p l o t ,  and b ec au se  d im en s io n s  were 
ab o u t  t h e  same a s  used  i n  s t a n d a r d  s o i l  pans  r e p o r t e d  i n  t h e  l i t e r a t u r e  
by o t h e r  r e s e a r c h e r s .
A s lo p e  o f  2.5% was used  i n  t h i s  s t u d y .  T h is  s lo p e  i s  w e l l  w i t h i n  
t h e  range  o f  s lo p e s  used  i n  o t h e r  r a i n f a l l  s im u la to r  s t u d i e s  and i s  
r e p r e s e n t a t i v e  o f  s lo p e s  on l a r g e  a r e a s  o f  row cropped  l a n d .  High 
r a t e s  o f  e r o s io n  have been  measured even f o r  r e l a t i v e l y  f l a t  l a n d .  
Murphree and M u tch le r  (1981) r e p o r t e d  a 5 -y e a r  a v e ra g e  an n u a l  sed im en t  
y i e l d  o f  17.7 t / h a  f o r  a M i s s i s s i p p i  D e l t a  w a te rsh e d  w i th  a s lo p e  o f  
on ly  0.2%.
R unoff was c o l l e c t e d  from a 1 .3  cm wide s l o t  a t  t h e  low er end o f  
t h e  t e s t  a r e a .  B efore  each  ru n  a co v e r  was p la c e d  o v e r  t h e  s l o t  t h a t  
p re v e n te d  r a i n f a l l  from f a l l i n g  i n t o  th e  s l o t  b u t  s t i l l  a l lo w ed  r u n o f f  
t o  flow i n t o  i t .
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An a d j u s t a b l e  e n d p la te  was l o c a te d  a t  t h e  low er end o f  t h e  t e s t  
a r e a  and i n i t i a l l y  p la c e d  such  t h a t  t h e  to p  o f  th e  e n d p la t e  was w i t h i n
1 .3  cm o f  th e  to p  o f  th e  p l e x i g l a s s  s i d e s  and f l u s h  w i th  the. s o i l  
s u r f a c e  a t  th e  low er end o f  th e  t e s t  a r e a .  A s i m i l a r  e n d p la t e  was a l s o  
l o c a t e d  a t  t h e  low er end o f  th e  s o i l  pan . Lowering o f  t h e  e n d p l a t e s  
p re v e n te d  th e  b u i ld u p  o f  w a te r  due t o  s l i g h t  s e t t l e m e n t  o f  t h e  s o i l .  
E n d p la te s  were low ered  abou t  0 .32  cm d u r in g  d ry  ru n s  and a n o t h e r  0 .1 6  
cm p re c e d in g  wet ru n s .  E n d p la te s  were lowered a t  ab o u t  14 t o  20 
m in u te s  i n t o  d ry  ru n s  f o r  in c o r p o r a t e d  s t ra w  t r e a tm e n ts  and a t  ab o u t  30 
t o  45 m in u te s  f o r  s u r f a c e  s t r a w  t r e a tm e n ts .
The f l o o r  o f  t h e  s o i l  p an ,  in c lu d in g  b o r d e r  a r e a s ,  c o n s i s t e d  o f  1 
cm th i c k  p l e x i g l a s s  m a t e r i a l  w i th  a g r i d  l a y o u t  o f  1 cm d ia m e te r  h o le s  
spaced  4 .1  cm a p a r t .  The h o le s  a l low ed  f r e e  d ra in a g e  o f  w a te r  i n  th o s e  
i n s t a n c e s  when t h e  s o i l  became s a t u r a t e d ;  however, t h e  s o i l  d e p th  o f  
R.6 cm was s u f f i c i e n t  t h a t  com plete  s a t u r a t i o n  o n ly  v e ry  r a r e l y  
o c c u r re d .  The f l o o r  o f  th e  pan was covered  b e f o re  ea ch  s e r i e s  o f  ru n s  
w i th  medium w e igh t  m u s l in  c l o t h  and 0 .1 4  mm mesh f i n e  w i r e  s c r e e n  i n  
c o n s e c u t iv e  l a y e r s  o f  c l o t h ,  s c r e e n ,  c l o t h ,  c l o t h ,  s c r e e n  and c l o t h .
Methodology
S o i l  was poured lo o s e ly  i n t o  t h e  s o i l  pan t o  w i t h i n  ab o u t  1 .3  cm o f  
t h e  to p  o f  th e  pan .  F in a l  l e v e l i n g  o f  t h e  s o i l  s u r f a c e  was done w i th  
t h i n  aluminum s t r i p s .  The bottom  o f  th e  s t r i p s  i n s i d e  t h e  s o i l  pan  was 
a t  th e  p ro p e r  d e p th  f o r  l e v e l i n g  th e  s o i l  when e x t e n s io n s  on t h e  s t r i p s  
w ere p re s s e d  down on th e  to p  o f  th e  s i d e s  o f  t h e  pan.
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Straw  segm en ts ,  c u t  t o  2 .5  cm l e n g t h s ,  were hand-dropped  I n t o  th e  
s o i l  pan. Although n e a r ly  a l l  s t r a w  segments were p o s i t io n e d  
h o r i z o n t a l l y ,  t h e r e  was no predom inan t downslope o r  p e r p e n d ic u la r  t o  
s lo p e  o r i e n t a t i o n  o f  th e  s t r a w .  For s u r f a c e  s t r a w  t r e a t m e n t s ,  th e  
r e q u i r e d  amount o f  s t ra w  was p la c e d  on th e  s u r f a c e  a f t e r  t h e  s o i l  was 
l e v e l e d .  For in c o r p o r a te d  s t r a w  t r e a t m e n t s ,  t h e  s p e c i f i e d  amount o f  
s t r a w  was u n ifo rm ly  d i s t r i b u t e d  from th e  bottom  to  w i th in  a b o u t  0 .3  cm 
o f  t h e  top  of t h e  s o i l  s u r f a c e .  T h is  was accom plished  by l e v e l i n g  th e  
s o i l  and s t r a w  to  w i th i n  1 .6  cm o f  th e  top  o f  th e  pan, add ing  more s o i l  
t o  co v e r  t h e  s t r a w ,  and th e n  r e - l e v e l i n g  th e  s o i l  s u r f a c e  t o  w i t h i n  1 .3  
cm o f  th e  to p  o f  th e  s o i l  pan.
S o i l  s u r f a c e  p r o f i l e  measurements were made w i th  a p o i n t  gage. 
F iv e  d i f f e r e n t  re a d in g s  a t  e q u a l ly  spaced i n t e r v a l s  a c r o s s  t h e  t e s t  
a r e a  were ta k e n  f o r  each t r a n s e c t .  There were s i x  t r a n s e c t s  e q u a l ly  
spaced  up and down th e  p l o t .  P r o f i l e  re a d in g s  were a l s o  ta k e n  a f t e r  a 
s e r i e s  o f  ru n s  f o r  t r e a tm e n ts  w i th  z e ro  l e v e l s  o f  s u r f a c e  s t r a w .
S o i l  m o is tu r e  sam ples were c o l l e c t e d  from th e  to p  2 .5  cm o f  s o i l  i n  
t h e  b o rd e r  a r e a s  b e f o r e  and a f t e r  r u n s .  E s t im a te s  o f  b u lk  d e n s i t y  were 
made by w eighing  th e  s o i l  and s t r a w  p la c e d  i n t o  t h e  s o i l  pan  p re c e d in g  
each  s e r i e s  o f  ru n s .  Bulk d e n s i t i e s  f o r  t r e a tm e n ts  w i th  0, 1 t h r o i g h
5, and 6 .7  th ro u g h  9 t / h a  o f  in c o rp o r a te d  s t r a w  ave raged  1 .2 6 ,  1 .20 ,
3 3and 1 .1 5  g/cra w i th  s ta n d a r d  d e v i a t i o n s  o f  0 .0 4 ,  0 .0 6 ,  and 0 .0 8  g/cm ,
r e s p e c t i v e l y .
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The t e s t  a r e a  was cove red  w i th  a 5 cm mesh w ire  s c r e e n  b e f o r e  and 
a f t e r  each  s e r i e s  o f  r u n s ,  and p h o to g rap h s  ta k e n  t o  p ro v id e  v i s u a l  
r e c o rd s  o f  s u r f a c e  co v e r .  In  a d d i t i o n ,  e s t i m a t e s  o f  p e r c e n t  s u r f a c e  
co v e r  were made b e f o re  and a f t e r  each  s e r i e s  o f  ru n s  u s in g  t r a n s e c t s  
c o n ta in in g  a s m a l l e r  g r i d  n e tw o rk .  T r a n s e c t s  were ta k e n  a t  8 ,  23 and 
38 cm from th e  u p p e r  end o f  th e  t e s t  a r e a .  A 2 .5  cm s q u a re  a r e a  was 
d iv id e d  i n t o  0 .6 4  cm sq u a re  g r id s  a t  fo u r  e q u a l ly  sp aced  l o c a t i o n s  
w i t h i n  each  t r a n s e c t .  P e rc e n t  ground c o v e r  was t h e  a v e ra g e  o f  a l l  
v i s u a l  e s t i m a t e s  t h a t  were made i n  t h e  t e s t  p l o t .
R unoff d u r in g  ru n s  were c o l l e c t e d  i n  t a r e d  K e rr  #505 r e g u l a r  mason 
g l a s s  j a r s .  Each j a r  h e ld  a l l  t h e  r u n o f f  f o r  a 4 -m in u te  i n t e r v a l ,  
e x c e p t  f o r  t h e  l a s t  i n t e r v a l  d u r in g  th e  30-m inu te  r u n s ,  which was on ly  
two m in u te s .  The amount o f  r u n o f f  and s o i l  l o s s  i n  each  o f  t h e  sam ples 
was measured t o  t h e  n e a r e s t  0 .0 1 -g  from t a r e  w e ig h t s ,  g r o s s  w e ig h ts  
a f t e r  r u n s ,  and n e t  w e ig h ts  a f t e r  w a te r  was removed by d ry in g  a t  105 
d e g re e s  c e l s i u s .
A l l  r e c e s s i o n  ru n o f f  was c o l l e c t e d  d u r in g  a  4 -m in u te  i n t e r v a l  
f o l lo w in g  each  ru n .  Some s o i l  a f t e r  each  ru n  rem ained  i n  t h e  1-m lo n g  
PVC p ip e  l e a d in g  from th e  r u n o f f  s l o t  a t  th e  low er end of t h e  t e s t  a r e a  
t o  the c o l l e c t i o n  j a r s .  T h is  s o i l  was washed i n t o  a n o t h e r  j a r ,  
d e s ig n a te d  a s  a p ip e  c l e a n - o u t  sam ple , and added t o  t h e  t o t a l  s o i l  
l o s s  f o r  th e  ru n .
P r o v i s io n  was a l s o  made f o r  th e  c o l l e c t i o n  o f  any p e r c o l a t i o n  w a te r  
p a s s in g  th ro u g h  th e  s o i l  p r o f i l e  d u r in g  ru n s  and d u r in g  a 4 -m in u te
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i n t e r v a l  fo l lo w in g  ru n s .  But w a te r  i n f i l t r a t i n g  th ro u g h  th e  s o i l  
p r o f i l e  was n e g l i g i b l e .
S t a t i s t i c a l  D esigns Used i n  Study
The expe rim en t was d iv id e d  i n t o  t h r e e  p a r t s  t o  t e s t  t h e  e f f e c t s  o f  
s u r f a c e  s t r a w ,  in c o rp o ra te d  s t r a w ,  and co m b in a t io n s  o f  s u r f a c e  and 
in c o rp o r a te d  s t r a w .  An a n a l y s i s  o f  v a r i a n c e  was made f o r  each  o f  th e  
t h r e e  p a r t s  o f  th e  ex p e r im en t .  The in c o r p o r a t e d  s t r a w  s tu d y  was from 
O ct.  2 t o  Nov. 15, 1984; th e  su r fa c e  s t ra w  s tu d y  was from Dec. 19, 1984 
t o  A p r i l  30, 1985; and th e  combined s u r f a c e  -  i n c o r p o r a t e d  s tu d y  was 
from May 15 to  June 26, 1985.
The e f f e c t s  o f  v a ry in g  r a t e s  of s u r f a c e  s t r a w  on r u n o f f  and s o i l  
l o s s  was d e te rm in ed  by u s in g  a randomized b lo ck  d e s ig n .  T here  w ere  
seven  t r e a tm e n ts  (0 ,  0 .5 ,  1, 2, 4, 6 and 8 t / h a  o f  s u r f a c e  s t raw )  w i t h  
t h r e e  r e p l i c a t i o n s  o f  each  t r e a tm e n t .  A r e p l i c a t i o n  o f  each  t r e a tm e n t  
was in c lu d e d  i n  each  o f  t h r e e  b lo c k s .  The r e a s o n  f o r  b lo c k in g  was to  
e n s u r e  t h a t  any e f f e c t  caused by th e  l e n g th  o f  t im e r e q u i r e d  to  
com ple te  a l l  t e s t s  would n o t  cau se  any b i a s  tow ard  any p a r t i c u l a r  
t r e a t m e n t .
A co m p le te ly  randomized d e s ig n  was used  t o  t e s t  t h e  e f f e c t s  o f  
i n c o r p o r a t e d  s t r a w  on r u n o f f  and s o i l  l o s s .  There were f i v e  t r e a t m e n t s  
( 0 ,  2 .2 ,  4 .5 ,  6 .7  and 9 t / h a  o f  in c o r p o r a t e d  s t raw ) w i th  f i v e
r e p l i c a t i o n s  a t  th e  0 and 9 t / h a  l e v e l s  and two r e l i c a t i o n s  f o r  e a ch  o f  
t h e  rem a in ing  l e v e l s  of in c o rp o ra te d  s t r a w .  P re l im in a r y  t e s t s  had 
i n d i c a t e d  no e f f e c t  of in c o r p o r a te d  s t r a w  on s o i l  l o s s ,  so  more
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r e p l i c a t i o n s  were chosen  f o r  th e  extrem e l e v e l s ,  which would r e a l l y  be 
a l l  t h a t  would be needed i f  r e s u l t s  from p r e l i m i n a r y  t e s t s  were 
v e r i f i e d .  Two r e p l i c a t i o n s  o f  in t e r m e d ia t e  l e v e l s  were i n c lu d e d  i n  t h e  
d e s ig n  ,1ust i n  c a se  th e  p r e l im in a r y  r e s u l t s  shou ld  p rove  t o  be 
m is le a d in g .
A 4x2 f a c t o r i a l  experim ent was used  to  t e s t  t h e  e f f e c t s  o f  
co m b in a t io n s  o f  s u r f a c e  s t ra w  and i n c o r p o r a t e d  s t r a w  on r u n o f f  and s o i l  
l o s s .  I n c o rp o ra te d  s t r a w  r a t e s  were 1, 3, 5 and 7 t / h a ,  w h i le  s u r f a c e  
s t r a w  r a t e s  were 1 and 3 t / h a ;  th u s ,  t h e r e  were e i g h t  t r e a tm e n t  
co m b in a t io n s .  A randomized b lo ck  d e s ig n  was used  i n  which each  o f  th e  
e i g h t  t r e a tm e n t  com bina tions  was in c lu d e d  once i n  each  o f  t h r e e  b lo c k s .
These r a t e s  o f  in c o rp o r a te d  and s u r f a c e  s t r a w  co m b in a t io n s  were 
chosen  a f t e r  p re c e d in g  t e s t s  f o r  t h e  e f f e c t s  o f  i n c o r p o r a t e d  s t r a w  
a lo n e  and s u r f a c e  s t ra w  a lo n e  had a l r e a d y  been  co nduc ted .  A lo w er  
s u r f a c e  r a t e  o f  s t r a w  th a n  1 t / h a  would have r e s u l t e d  i n  a s u r f a c e  
c o n d i t i o n  to o  much l i k e  a b a r e  s u r f a c e ,  f o r  which i n c o r p o r a t e d  r a t e s  
had a l r e a d y  been found t o  be i n s i g n i f i c a n t .  S e l e c t io n  o f  a s u r f a c e  
r a t e  much h ig h e r  th a n  3 t / h a  would r e s u l t  i n  s a t i s f a c t o r y  r e d u c t i o n  o f  
s o i l  l o s s  by th e  s u r f a c e  s t r a w  a lo n e .
Handomized Block Design
Any r u n o f f  o r  s o i l  l o s s  o b s e r v a t io n  I n  t h e  randomized b lo c k  d e s ig n  
(RBD) used  i n  t h e  s tu d y  o f  the  e f f e c t s  o f  s u r f a c e  r e s i d u e s  was assumed 
t o  be th e  summation o f  a g e n e r a l  mean, a t r e a tm e n t  e f f e c t ,  a b lo c k  
e f f e c t ,  and an  e x p e r im e n ta l  e r r o r .  A l l  o f  th e  e x p e r im e n ta l  u n i t s  were
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assumed to  have been  a s s ig n e d  i n t o  homogeneous g ro u p s ,  o r  b lo c k s ,  and
t r e a tm e n ts  were randomly a s s ig n e d  w i th in  each  o f  t h e  b lo c k s .  T rea tm ent
and b lock  e f f e c t s  were assumed to  be a d d i t i v e .  For example, th e
d i f f e r e n c e  betw een th e  t r u e  e f f e c t s  o f  two t r e a t m e n ts  was assuned  to  be
t h e  same w i t h i n  one b lo ck  a s  i n  any o t h e r  b lo c k .  E x p e r im e n ta l  e r r o r s
were assumed t o  be independen t  random v a r i a b l e s  d i s t r i b u t e d  w i th  a mean
2
o f  z e ro  and t h e  same v a r ia n c e  a .
C om puta tions f o r  t h e  sum o f  s q u a re s  u sed  i n  an  a n a l y s i s  o f  v a r i a n c e  
(ANPVA) t a b l e  f o r  a RBD d e s ig n  i n  which t r e a tm e n ts  were r e p l i c a t e d  only  
one i n  each  o f  th e  b lo ck s  were:
SST = Z y \  j  -  G2 / i j
SSTR = Z ( T j / J )  -  ( f / i j
SSBL = Z ( B j / i )  -  G2 / i j
SSE = SST -  SSTR -  SSBL 
where SST, SSTR, SSBL and SSE were t h e  a d ju s t e d  t o t a l ,  t r e a t m e n t ,  b lo ck  
and e r r o r  sum o f  s q u a r e s ,  r e s p e c t i v e l y ;  i  and j  were t h e  number o f  
t r e a tm e n ts  and b lo c k s ,  r e s p e c t i v e l y ;  y ^ j  was t h e  o b s e r v a t io n  f o r  th e  
i ' t h  t r e a tm e n t  and j ' t h  b lo ck ;  G was th e  grand  t o t a l  o f  a l l  
o b s e r v a t io n s ;  T-^  was th e  t o t a l  o f  a l l  o b s e r v a t io n s  f o r  t r e a tm e n t  i  
a c r o s s  a l l  b lo c k s ;  and Bj was th e  t o t a l  o f  a l l  o b s e r v a t io n s  f o r  b lo c k  j  
a c r o s s  a l l  t r e a tm e n ts .
T re a tm e n t ,  b lo ck  and e r r o r  mean s q u a r e s  were e q u a l  t o  S S T R / ( i - l ) ,  
S S B L /( j - l )  and S S E / ( i - l ) ( j - 1 ) , r e s p e c t i v e l y ,  where t h e  d en o m in a to rs
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r e p r e s e n t e d  th e  r e s p e c t i v e  d eg ree s  o f  freedom f o r  t r e a t m e n t s ,  b lo c k s  
and e r r o r s .  The F v a lu e  used  t o  t e s t  t h e  s i g n i f i c a n c e  o f  t h e  e f f e c t s  
o f  t r e a tm e n ts  was eq u a l  t o  th e  t r e a tm e n t  mean s q u a re  d iv id e d  by t h e  
e r r o r  mean s q u a re .  L ikew ise , th e  F v a lu e  u sed  t o  t e s t  t h e  s i g n i f i c a n c e  
o f  t h e  e f f e c t s  o f  b lo ck s  was eq u a l  to  t h e  b lock  mean s q u a r e  d iv id e d  by 
th e  e r r o r  mean s q u a re .  Cochran and Cox (1957) and S nedecor and Cochran 
( 1 9 6 7 ) provided  more d e t a i l e d  in fo rm a t io n  co n c e rn in g  a ssu m p tio n s  
in v o lv e d  i n  RBD d e s ig n s  a s  w e l l  a s  f o r  co m p le te ly  randomized d e s ig n s  
and th e  f a c t o r i a l  ex p e r im en ts .
Com plete ly  Randomized Design
Any r u n o f f  o r  s o i l  l o s s  o b s e r v a t io n  i n  t h e  co m p le te ly  randomized
d e s ig n  (CRD) used  i n  t h i s  s tudy  was assumed t o  be t h e  summation o f  a
g e n e ra l  mean, a t r e a tm e n t  e f f e c t  and an e x p e r im e n ta l  e r r o r .
E x p e r im e n ta l  e r r o r s  were assumed to  be  in d ep en d e n t  random v a r i a b l e s
2
d i s t r i b u t e d  w i th  a mean o f  z e ro  and th e  same v a r ia n c e  a . T here  was no 
r e s t r i c t i o n  on ran d o m iza t io n ,  th u s  a l l  o f  t h e  v a r i a t i o n  among t h e  
e x p e r im e n ta l  u n i t s  were in c lu d ed  i n  t h e  e x p e r im e n ta l  e r r o r .
F o r  1 t r e a tm e n ts ,  r j  r e p l i c a t i o n s  f o r  t h e  i ' t h  t r e a t m e n t ,  n t o t a l  
number o f  o b s e r v a t io n s ,  y-j^ e q u a l  to  t h e  o b s e r v a t io n  f o r  t h e  i ' t h  
t r e a tm e n t  and j ' t h  r e p l i c a t i o n ,  G eq u a l  t o  t h e  g rand  t o t a l  o f  a l l  
o b s e r v a t io n s ,  and Tj eq u a l  t o  th e  t o t a l  o f  a l l  o b s e r v a t io n s  f o r  t h e  
i ' t h  t r e a tm e n t ,  th e  sums o f  sq u a re s  were computed a s  fo l lo w s :
SET = I  ^ j  -  G?/n
SSTR = E ( T ^ / r j )  -  G?/n
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SSE = SST -  SSTR
where SST, SSTR and SSE were t h e  a d j u s t e d  t o t a l ,  t r e a tm e n t  and e r r o r  
suras o f  s q u a r e s ,  r e s p e c t i v e l y .  T reatm ent and e r r o r  mean s q u a r e s  were 
e q u a l  t o  SSTR/(1 -1 )  and S S E / ( n - i ) ,  r e s p e c t i v e l y ,  where t h e  d en o m in a to rs  
r e p r e s e n te d  th e  r e s p e c t i v e  d eg ree s  o f  freedom f o r  t r e a tm e n ts  and
e r r o r s .  The r a t i o  o f  th e  t r e a tm e n t  mean sq u a re  and e r r o r  mean s q u a re  
was th e  F v a lu e  t h a t  was used  to  t e s t  t h e  s i g n i f i c a n c e  o f  t r e a tm e n t  
e f f e c t s .
F a c t o r i a l  Experim ent
In  t h e  f a c t o r i a l  experim en t i n  a RBD d e s ig n  u sed  i n  t h i s  s tu d y ,  
t h e r e  were fo u r  l e v e l s  o f  one f a c t o r ,  in c o r p o r a t e d  s t r a w ,  and two
l e v e l s  o f  a second f a c t o r ,  s u r f a c e  s t r a w .  Any r u n o f f  o r  s o i l  l o s s  
o b s e r v a t io n  i n  t h i s  expe rim en t was assumed t o  be t h e  summation o f  a 
g e n e r a l  mean, a main e f f e c t  o f  in c o rp o r a te d  s t r a w ,  a main e f f e c t  o f
s u r f a c e  s t r a w ,  a p o s s i b l e  t w o - f a c to r  i n t e r a c t i o n  e f f e c t  and an
e x p e r im e n ta l  e r r o r .  E r ro rs  were assumed t o  be in d e p e n d e n t  random
O
v a r i a b l e s  d i s t r i b u t e d  w i th  a mean o f  z e ro  and th e  same v a r i a n c e  a . 
Cochran and Cox (1957) p re s e n te d  an example o f  a 4 x 2 f a c t o r i a l  i n  
w hich  c a l c u l a t i o n s  f o r  e n t r i e s  i n t o  an  ANOVA t a b l e  a r e  i l l u s t r a t e d .  
They a l s o  gave d e t a i l e d  in fo rm a t io n  on s e v e r a l  o t h e r  f a c t o r i a l  
e x p e r im e n ts .
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RESULTS
E f f e c t s  o f  V arious  R ates  o f  S u rfa ce  Straw on Runoff
In  t h i s  randomized b lo c k  e x p e r im e n t ,  t r e a t m e n ts  c o n s i s t e d  o f  seven  
r a t e s  o f  s u r f a c e  s t ra w  a p p l i c a t i o n ,  r a n g in g  from  0 t o  8 t / h a .  
T ab le  3 shows r u n o f f  and th e  r a t e  o f  s u r f a c e  s t r a w  f o r  each  t r e a tm e n t
w i t h i n  each  o f  t h r e e  b lo c k s .  Each r u n o f f  v a lu e  I s  t h e  t o t a l  from d ry ,
w et and very  wet ru n s .  Runoff s l i g h t l y  i n c r e a s e d  w i th  I n c r e a s i n g  r a t e s  
o f  s t ra w  up to  2 t / h a  and th e n  on ly  s l i g h t l y  d e c re a s e d  w i th  f u r t h e r  
a d d i t i o n s  o f  s t r a w .
An a n a l y s i s  o f  v a r ia n c e ,  T ab le  4, shows no s i g n i f i c a n t  b lo c k in g  
e f f e c t .  Thus, a l lo w an c es  made f o r  p o s s i b l e  b lo c k in g  e f f e c t s  c a u se d  by 
tim e d e la y s  between d i f f e r e n t  s e t s  o f  ru n s  were n o t  n e c e s s a r y .  
A o n l i c a t io n  o f  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  d id  have a s i g n i f i c a n t  
s t a t i s t i c a l  e f f e c t  on r u n o f f ,  a l th o u g h  t h e  E v a lu e  f o r  s i g n i f i c a n c e  was 
n o t  n e a r ly  a s  pronounced a s  t h a t  f o r  t h e  e f f e c t  o f  r a t e s  o f  s u r f a c e  
s t r a w  on s o i l  l o s s .
The p ro d u c t  o f  th e  o n e - t a i l e d  t  v a lu e  (12 d e g re e s  o f  freedom , 5% 
l e v e l )  o f  1 .782 and a  s t a n d a r d  e r r o r  o f  e s t i m a t e  f o r  t h e  d i f f e r e n c e  
betw een two means o f  0 .2 5  gave an  LSD o f  0 .4 5  cm. Thus, t h e  av e rag e
r u n o f f  o f  7 .8 6  cm f o r  th e  2 t / h a  r a t e  o f  s u r f a c e  s t r a w  was
s i g n i f i c a n t l y  g r e a t e r  th a n  th e  mean r u n o f f  f o r  each  o f  t h e  o t h e r  
s u r f a c e  s t r a w  r a t e s  ex c e p t  t h a t  f o r  1 t / h a .
47
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T ab le  3. Sum o f  ru n o f f from d ry , wet and v e ry  wet ru n s  f o r
d i f f e r e n t  r a t e s o f  s u r f a c e s t r a w .
T rea tm ent Runoff
S u r fa c e  Straw®/ Block 1 Block 2 Block 3 Average T o ta l
( t / h a ) (cm) (cm) (cm) (cm) (cm)
0 6.28 7.00 6 .6 2 6 .63 19 .90
0 .5 7.06 7.30 7 .41 7 .26 21.77
1 7.97 7.57 7 .1 4 7 .5 6 22.68
2 7.93 7.70 7 .9 5 7 .8 6 23 .58
4 7.59 7.18 7 .1 6 7 .31 21 .93
6 7.03 6.79 6 .72 6 .8 5 20.54
8 6.63 6.02 6 .74 6 .4 6 19.39
T o ta l 50.49 49.56 49 .74 149.79
a /  Ground co v e r  averaged  20, 41, 71, 95, 100 and 100% f o r  t h e  0 .5 ,  1, 
2, 4 , 6 and 8 t / h a  s u r f a c e  s t ra w  r a t e s ,  r e s p e c t i v e l y .
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T a b le  4. A n a ly s is  o f  v a r i a n c e  f o r  r u n o f f  (cm) from  d r y  + w et +
v e r y  wet runs  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  
( t / h a ) .









F * ( .0 5 )
T o ta l 20 5.7910
Straw 6 4.6127 0.7688 8 .32 3 .0 0
Blocks 2 0.0695 0.0348 0 .3 8 3 .8 8
E r r o r 12 1.1088 0.0924
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Use o f  a t w o - t a i l e d  t  v a lu e  (12 d e g re e s  o f  freedom, 5% l e v e l )  g iv e s  
an  LSD o f  0 .5 4  era f o r  t e s t i n g  w h e th e r  p a i r s  o f  means a r e  d i f f e r e n t ,  a s  
opposed t o  t e s t i n g  w he the r  one i s  g r e a t e r  t h a n  t h e  o t h e r .  Use o f  t h i s  
more c o n s e rv a t iv e  t e s t  r e s u l t s  i n  r u n o f f  f o r  t h e  2 t / h a  r a t e  o f  s u r f a c e  
s t r a w  a l s o  b e in g  s t a t i s t i c a l l y  d i f f e r e n t  from r u n o f f  from  e v e ry  o t h e r  
r a t e  ex c e p t  f o r  t h a t  a t  1 t / h a .  Use o f  t h i s  t  v a l u e  a l s o  shows t h a t  
r u n o f f  f o r  an  a p p l i c a t i o n  r a t e  o f  0 t / h a  was s i g n i f i c a n t l y  d i f f e r e n t  
from every  mean r u n o f f  v a lu e  e x c e p t  t h a t  a t  6 t / h a  and t h a t  a t  8 t / h a .
An e x p o n e n t i a l  r e l a t i o n s h i p  was d e r iv e d  f o r  r u n o f f  a s  a f u n c t i o n  o f  
s u r f a c e  s t r a w  f o r  t h e  i n t e r v a l  from 2 t o  8 t / h a .  U sing t h i s  e q u a t io n ,  
r u n o f f  was p r e d ic t e d  f o r  s u r f a c e  s t r a w  r a t e s  a t  0, 0 .5  and 1 t / h a .
R e s id u a l  v a lu e s  f o r  th e s e  p o i n t s  (o b se rv ed  minus p r e d i c t e d )  were i n  
t u r n  d e s c r ib e d  by a n o th e r  e x p o n e n t i a l  r e l a t i o n s h i p .  Combining t h e  two 
e x p o n e n t i a l  r e l a t i o n s h i p s  and e n t e r i n g  i n i t i a l  p a r a m e te r  e s t i m a t e s  
i n t o  a model p a ram e te r  o p t im iz a t io n  program r e s u l t e d  i n  t h e  fo l lo w in g  
r e l a t i o n s h i p :
R.O. = 8 .4 2  e-0-033(ST ) -  1 .82  e- l - 2 2 8 ( S T ) ,  r 2 « 0 .77  
where r u n o f f  (R .O .)  i s  i n  cm and s u r f a c e  s t ra w  (ST) i s  i n  t / h a .
T h is  e q u a t io n  a l lo w s  v a lu e s  o f  r u n o f f  t o  c o n t in u e  t o  d e c r e a s e  w i th  
i n c r e a s e s  i n  s u r f a c e  s t ra w  i n  th e  h i g h e r  r a n g e s .  The e q u a t i o n  i s  
p re s e n te d  g r a p h ic a l l y  i n  F ig u re  1. Runoff i n c r e a s e s  w i th  s u r f a c e  s t r a w  
r a t e s  up to  ab o u t  2 t / h a  and th e n  d e c r e a s e s  f o r  f u r t h e r  a d d i t i o n s  o f  
s t i r f a c e  s t r a w .








DRY + WET + VERY WET RUNS
-0 .0 3 3  X -1 .223  X8 .4 2  e
SURFACE STRAW ( t /h a )
F ig u r e  1 .  The r e l a t i o n s h i p  between r u n o f f  ( c a )  and s u r f a c e  
s t r a y  ( t / h a )  fo r  th e  sum o f  d r y ,  wet and v e r y  wet runs
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R unoff from Dry, Wet and Very Wet Runs
T ab le s  5, 6, and 7 Rive th e  r u n o f f  v a lu e s  from each  ty p e  o f  ru n  f o r  
t h e  v a r io u s  r a t e s  o f  s u r f a c e  s t r a w .  T ab le  8 g iv e s  th e  a n a l y s i s  o f  
v a r i a n c e  f o r  each  ty p e  o f  ru n .  T re a tm en ts ,  o r  r a t e s  o f  s u r f a c e  s t r a w ,
were s i g n i f i c a n t  In  each ty p e  o f  ru n ,  b u t  t h e  e f f e c t s  o f  b lo c k in g
a c c o rd in g  t o  tim e were n o t  s i g n i f i c a n t  f o r  any ty p e  o f  ru n .
The fo l lo w in g  e q u a t io n  e x p r e s s e s  a l i n e a r  r e l a t i o n s h i p  betw een 
r u n o f f  and s u r f a c e  s t raw  f o r  th e  dry  ru n s :
RO = 2 .5 4  -  0 .0 9  ST, r 2 = 0 .77  
where r u n o f f  (RO) I s  i n  cm and s u r f a c e  s t r a w  (ST) i s  i n  t / h a .
The f o l lo w in g  e q u a t io n s  e x p r e s s  t h e  r e l a t i o n s h i p  betw een r u n o f f  and 
s u r f a c e  s t ra w  f o r  th e  wet and v e ry  wet ru n s ;
Wet: R.O. = 2 .77  e- ° - 021( ST) _ 0 .82  e_1 ,277(ST \  r 2 = 0 .8 1
Very Wet: R.O. = 2 .8 3  e“ °*022( ST) -  0 .53  ^ ‘ ^ ( S T ^  Z = Q
where r u n o f f  (R .O .)  i s  In  cm and s u r f a c e  s t r a w  (ST) i s  i n  t / h a .  The 
d e r i v a t i o n  p ro c ed u re  was t h e  same a s  d e s c r ib e d  e a r l i e r  f o r  th e  sum o f  
r u n o f f  from  d r y ,  wet and v e r y  w et ru n s  a s  a f u n c t io n  o f  s u r f a c e  s t r a w  
r a t e s .  The l i n e a r  r e l a t i o n s h i p s  f o r  t h e  d ry  ru n s  and t h e  e x p o n e n t i a l  
summation r e l a t i o n s h i p s  f o r  t h e  wet and v e r y  w et ru n s  a r e  p r e s e n t e d  
g r a p h i c a l l y  i n  F ig u re s  2, 3 and 4 , r e s p e c t i v e l y .
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T a b l e  5.  R u n o f f  f rom d r y  r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w .
T reatm ent Runoff
S u r fa c e  S traw Block 1 Block 2 Block 3 Average T o ta l
( t / h a ) (cm) (cm) (cm) (cm) (cm)
0 2.24 2.47 2 .34 2 .35 7 .0 5
0 .5 2.28 2.41 2 .69 2 .46 7 .3 8
1 2.86 2.52 2 .29 2 .56 7 .67
2 2 .50 2.32 2 .59 2 .47 7 .41
4 2.46 2.06 2 .2 0 2 .24 6 .72
6 2.05 1.83 1 .86 1.91 5 .74
8 1.82 1.62 1 .83 1 .76 5 .27
T o t a l 16.21 5 .23 15.80 47.24
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T a b l e  6 .  R u n o f f  f rom wet r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w .
T rea tm en t Runoff
S u r fa c e  S traw Block 1 Block 2 Block 3 Average T o ta l
( t / h a ) (cm) (cm) (cm) (cm) (cm)
0 1.74 2.13 2 .04 1 .97 5 .91
0 .5 2.21 2.38 2 .25 2 .2 8 6 .8 4
1 2 .46 2.53 2.39 2 .46 7 .3 8
2 2.69 2.66 2 .66 2 .67 8 .0 1
4 2.52 2.51 2 .44 2 .49 7 .47
6 2.45 2.47 2 .42 2 .45 7 .34
8 2 .43 2.15 2 .40 2 .33 6 .9 8
T o t a l 16.50 16.83 16.60 49 .93
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T a b l e  7 .  R u n o f f  f rom v e r y  w e t  r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w .
T rea tm en t Runoff
S u r fa c e  S traw Block 1 Block 2 Block 3 Average T o ta l
( t / h a ) (cm) (cm) (cm) (cm) (cm)
0 2 .30 2 .4 0 2 .24 2 .31 6 .9 4
0 .5 2 .57 2.51 2 .47 2 .52 7 .55
1 2.65 2.52 2 .46 2 .54 7 .63
2 2.74 2 .72 2 .7 0 2 .7 2 8 .1 6
4 2.61 2 .61 2 .52 2 .5 8 7 .74
6 2 .53 2 .49 2 .44 2 .49 7 .46
8 2.3R 2.25 2 .51 2 .3 8 7 .14
T o t a l 17.78 17.50 17.34 52.62
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T ab le  8. A n a ly s is  o f  v a r ia n c e  f o r  r u n o f f  (cm) from  d r y ,  w et and
v e ry  wet ru n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  










F * ( .0 5 )
T o ta l 20 2.1157
S traw 6 1.6601 0.2767 8 .59 3 .0 0
Blocks 2 0.0692 0.0347 1.08 3 .8 8










F * ( .0 5 )
T o ta l 20 1.0258 0.0513
Straw 6 0.8639 0.1440 11.25 3 .0 0
Blocks 2 0.0082 0.0041 0 .32 3 .8 8










F * ( .0 5 )
T o ta l 20 0.3995
Straw 6 0.3184 0.0531 9 .48 3 .0 0
Blocks 2 0.0142 0.0071 1.27 3 .8 8
E r r o r 12 0.0669 0.0056
















SURFACE STRATI ( t /h a )
F ig u r e  2 .  The r e l a t i o n s h i p  betw een ru n o f f  (cm) and s u r f a c e  s t ra w  
( t / h a )  f o r  d ry  ru n s .








1 0 i  r i  1------ 1------ r
WET RUNS
8
Y -  2.77 e "0-021 x -  0.82 e _1 277 X 
r E = 0.81
< >
2 4 6 8
SURFACE STRAW (t/ha)
F ig u r e  3 .  The r e l a t i o n s h i p  between r u n o f f  (cm) and s u r f a c e  
( t / h a )  fo r  wet ru n s .
10
s t ra w
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
59
VERY WET RUNS




F ig u r e  4 .  The r e l a t i o n s h i p  between ru n o f f  (cm) and s u r f a c e  s t ra w  
( t / h a )  f o r  very  wet r u n s .
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T able  9 shows an a n a l y s i s  o f  v a r i a n c e  f o r  which r u n o f f  v a lu e s  were 
su b d iv id ed  i n t o  two ty p e s  o f  ru n s ;  a 6 0 -m in u te  d ry  ru n  and  a 60-m inu te  
p e r io d  u s in g  th e  sum o f  t h e  w et and v e ry  w et r u n s .  R a tes  o f  s u r f a c e  
s t ra w  were s i g n i f i c a n t .  The sum o f  r u n o f f  from  t h e  w et and v e ry  wet 
runs  was s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  from  d ry  r u n s .  I n t e r a c t i o n  
between s u r f a c e  s t ra w  r a t e s  and ty p e  o f  ru n  was a l s o  s i g n i f i c a n t .  The 
fo l lo w in g  e q u a t io n  was d e r iv e d  to  e x p r e s s  t h e  r e l a t i o n s h i p  between 
r u n o f f  and s u r f a c e  s t ra w  f o r  t h e  wet p lu s  v e ry  wet ru n s :
R.O. -  5 .60  e- ° * 022<ST> -  1 .2 9  e " 1*040^ ,  r 2 = 0 .8 3  
w ith  r u n o f f  (R .O .)  i n  cm and s u r f a c e  s t r a w  (ST) i n  t / h a .
F ig u re  5 shows a g r a p h ic a l  com parison  o f  r u n o f f  from  d ry  ru n s  w i th  
t h a t  from wet p lu s  very  wet r u n s .  The l i n e a r  r e g r e s s i o n  f o r  d ry  ru n s  
shows d e c re a s in g  r u n o f f  amounts f o r  i n c r e a s i n g  s u r f a c e  s t r a w  r a t e s .  
D i f f e r e n c e s  betw een th e  two ty p e s  o f  ru n s  a r e  i n c r e a s i n g  from  0 t o  2 
t / h a  b ecau se  r u n o f f  w i t h i n  t h i s  ra n g e  i s  i n c r e a s i n g  f o r  t h e  wet p lu s  
very  wet ru n s .
S traw  segments on t h e  s o i l  s u r f a c e  w ere  s p re a d  i n  a random p a t t e r n  
so  t h a t  s t r a w  l e n g th s  w ere  n o t  a r r a n g e d  i n  any p a r t i c u l a r  d i r e c t i o n .  
The sp ra y  p a t t e r n  from th e  n o z z le  a p p ly in g  r a i n f a l l  was such t h a t  
r a i n f a l l  h i t  th e  s u r f a c e  i n  a sweeping m otion  from  one s i d e  t o  t h e  
o t h e r  s i d e  o f  th e  t e s t  a r e a .  T h is  p a t t e r n  r e s u l t e d  i n  a s id ew ard  f o r c e  
b e in g  a p p l i e d  t o  t h e  upperm ost s t r a w  segm ents ,  e x c ep t  when th e  n o z z le  
was d i r e c t l y  overhead  once d u r in g  each  p a s s .  Low r a t e s  o f  s u r f a c e  
s t r a w  a llow ed  a l l  s t r a w  segm ents  t o  be  exposed  t o  r a in d r o p  a c t i o n .  At
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T able  9 . A n a ly s is  o f  v a r i a n c e  f o r  r u n o f f  (cm) f o r  sev en  r a t e s  o f
s u r f a c e  s t ra w  (0 t o  8 t / h a )  f o r  60 -m inu te  d r y  ru n s  and 
th e  sura o f  wet and v e r y  wet ru n s .









F * ( .0 5 )
T o ta l 41 77.4224
Straw 6 2.3064 0.3844 13.64 2 .4 4
Type o f  Run 1 72.8380 
(Dry v s .  Sum o f  Wet + Very Wet)
72.8380 2582.91 4 .2 0
I n t e r a c t i o n 6 1.4782 0.2464 8 .7 4 2 .4 4
E r r o r 28 0.7909 0.0282
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© ~  WET + VERY WET RUNS
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F ig u r e  5 . Comparison o f  e q u a t io n s  r e l a t i n g  ru n o f f  (cm) and s u r f a c e  
s t r a v  ( t / h a )  f o r  a 60-m inu te  i n i t i a l  d ry  run  and f o r  the 
s u b  o f tw> 3 0 -m in u te  ( v e t  + v e ry  u e t )  ru n s .
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t h e  end o f  v e ry  wet ru n s ,  t h e s e  s t r a w  segm ents  w ere  p re d o m in a te ly  
a r ra n g e d  I n  a downward s lo p e ,  o r  p a r a l l e l  t o  s lo p e  d i r e c t i o n .  A m ajo r  
r e - o r i e n t a t i o n  o f  s t ra w  segm ents began i n  t h e  d ry  ru n s  and c o n t in u e d  
i n t o  t h e  v e ry  wet runs f o r  r a t e s  o f  s t r a w  l e s s  t h a n  1 t / h a .  The 
i n c r e a s i n g  o r i e n t a t i o n  o f  s t ra w  segm ents tow ard  a p a r a l l e l  s l o p e  
d i r e c t i o n ,  as  time in c r e a s e d  d u r in g  e a c h  r u n ,  t en d ed  t o  s t r e a m l i n e  o r  
c h a n n e l iz e  th e  flow more tow ard  th e  o u t l e t  a t  t h e  low er end o f  th e  t e s t  
a r e a .  This  phenomena e x p la in s  why r u n o f f  i n  t h e  wet and v e ry  wet ru n s  
in c r e a s e d  f o r  i n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w  i n  t h e  low er r a n g e s .
More r u n o f f  was ex p ec ted  from a b a r e  s u r f a c e ,  p a r t i c u l a r l y  b ecau se  
o f  observed  development o f  s u r f a c e  s e a l  on th e  u n p r o t e c t e d  s o i l .  
However, a d d i t i o n  o f  s u r f a c e  s t r a w  a t  low r a t e s ,  su ch  t h a t  m ajo r  a r e a s  
o f  s o i l  remained exposed t o  s u r f a c e  s e a l i n g  e f f e c t s  w h i le  s t r a w  segment 
o r i e n t a t i o n  e f f e c t s  o cc u rre d  a s  d e s c r ib e d  above , l e d  t o  i n c r e a s e d  
r u n o f f .  when enough s t r a w  was added , s u r f a c e  s e a l i n g  was reduced . 
F u r th e rm o re ,  t h e r e  were many more s t r a w  segm ents  t o  r e - o r i e n t .  With 
enough s t raw  added so  t h a t  m ost segm ents  w ere  b e n e a th  o t h e r  seg m en ts ,  
i t  became more d i f f i c u l t  f o r  a m a j o r i t y  o f  t h e  segm ents  t o  be 
r e - o r i e n t e d .  F a th e r  th a n  c h a n n e l i z in g  f lo w ,  h i g h e r  r a t e s  o f  s u r f a c e  
s t r a w  tended  t o  r e t a r d  flow  by i n c r e a s i n g  t r a v e l  d i s t a n c e  o f  r u n o f f .
Why r u n o f f  w i th  h ig h e r  r a t e s  o f  s u r f a c e  s t r a w  (2 t / h a  and beyond), 
a l th o u g h  d e c re a s in g  w ith  a d d i t i o n a l  i n c r e a s e s  o f  s t r a w ,  s t i l l  was 
h ig h e r  i n  th e  wet and v e ry  wet ru n s  t h a n  w i th  z e ro  l e v e l s  o f  s t r a w  i s  
d i f f i c u l t  t o  u n d e r s ta n d .  I t  may be t h a t  a boundary  l a y e r  formed a t  t h e  
s u r f a c e  l a y e r ,  which a l th o u g h  l e s s  d ev e lo p ed  th a n  t h a t  f o r  b a r e  s o i l ,
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was s t i l l  s u f f i c i e n t  f o r  l a t e r a l  flow o f  r u n o f f .  This  l a t e r a l  f low  
might have been enhanced by th e  b u i l d - u p  o f  w a te r  h e ld  w i th in  th e  
s u r f a c e  s traw  l a y e r .  Runoff from d ry  ru n s  f o r  8 t / h a  s u r fa c e ,  s t r a w  
r a t e s  was ab o u t  0 .6  cm o r  25% l e s s  th a n  from  t h a t  f o r  0 t / h a  s u r f a c e  
s t r a w  r a t e s .  Runoff r a t e s  d u r in g  th e  d ry  ru n s  f o r  t h e  0 t / h a  s t r a w  
r a t e s  began e a r l i e r  and were h i g h e r  th a n  th o s e  f o r  t h e  8 t / h a  r a t e s  
u n t i l  abou t 40 m inu tes  i n t o  th e  r u n s .  T h e r e a f t e r ,  r u n o f f  r a t e s  from  
th e  b a r e  s u r f a c e  was l e s s  th a n  from th e  co v e red  s u r f a c e .  F in a l  r u n o f f  
r a t e s  a t  t h e  end of d ry  ru n s  were ab o u t  0 .0 6  and .075  cm/min f o r  t h e  0 
and 8 t / h a  s u r f a c e  s t raw  r a t e s ,  r e s p e c t i v e l y .  Runoff r a t e s  du ring  th e  
wet and very  wet ru n s  c o n t in u e d  t o  be h ig h e r  f o r  t h e  s u r f a c e  s t ra w  
p l o t s  th an  f o r  t h e  b a re  s u r f a c e  p l o t s .  T o ta l  r u n o f f ,  th e n ,  from th e  
covered  p l o t s  was a l s o  g r e a t e r  f o r  t h e  wet and v e ry  wet ru n s .
F ig u r e s  6 th rough  12 show av e rag e  r u n o f f  r a t e s  d u r in g  d r y ,  wet and 
v e ry  wet ru n s  f o r  each  o f  t h e  seven  r a t e s  o f  s u r f a c e  s t r a w  (0 t o  8 
t / h a )  used  i n  t h i s  s t u d y .  These f i g u r e s  show t h a t  r u n o f f  was i n i t i a t e d  
e a r l i e r  i n  th e  d ry  ru n s  f o r  0 t / h a  th an  w i th  h i g h e r  s u r f a c e  s t r a w  
r a t e s ;  however, r u n o f f  r a t e s  a t  t h e  end o f  d ry  ru n s  and th ro u g h o u t  wet 
and very  wet ru n s  were l e s s  th a n  from p l o t s  w i th  a p p l i c a t i o n s  o f  
s u r f a c e  s t r a w .
Although r e g r e s s i o n s  r e l a t i n g  t o t a l  r u n o f f  w i th  s u r f a c e  s t r a w  r a t e s  
p ro v id ed  s t a t i s t i c a l l y  s i g n i f i c a n t  f i t s  t o  t h e  d a t a  f o r  e a ch  ty p e  o f  
ru n ,  v i s u a l  i n s p e c t io n s  o f  p l o t t e d  d a t a  do n o t  r e v e a l  much change i n  
r u n o f f  f o r  most o f  t h e  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w .  In  a d d i t i o n ,  
th e  LSD t e s t s  show t h a t  many o f  th e  d i f f e r e n c e s  between mean v a lu e s
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F ig u r e  6 .  R u n o ff  r a t e  (era/tain) v e r s u s  t im e d u r in g  d r y ,  wet and v e ry  wet ru n e  f o r  a 
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F ig u r e  7 .  R unoff  r a t e  (c ra /n in )  v e r s u s  t im e d u r in g  d ry ,  wet and v e ry  wet ru n s  f o r  a





























SURFACE STRAW = 1 t / h a
0.14








O 10 20 30O 10 20 3010 2© 30 40 50 60
DRY RUN
TIME (min) 
WET RUN VERY WET RUN
F ig u r e  8 .  R unoff r a t e  (cm/min) v e r s u s  t im e d u r in g  d ry ,  wet and v e ry  wet runs  f o r  a  
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F ig u r e  9 .  Runoff r a t e  (cm/rain) v e r s u s  time d u r in g  d r y ,  wet and very  wet runs  f o r  a 
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F ig u r e  1 0 .  R unoff r a t e  (cra/mln) v e r s u s  tim e d u r in g  d r y ,  wet and very  wet ru n s  f o r  a  
























SURFACE STRAW -  6 t/h a  
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Figur©  11* R unoff ra t©  (cm/mln) v e r s u s  t im e  d u r in g  d r y ,  wet and v e ry  wet runs  f o r  a  



















SURFACE STRAW -  8 t/ha  
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F ig u r e  12.
DRY RUN VERY WET RUNWET RUN
R u n o ff  r a t e  (cm/min) v e r s u s  t im e d u r in g  d r y ,  wet and v e ry  wet ru n s  f o r  a  
s u r f a c e  s t r a w  r a t e  o f  8 t / h a .
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were n o t  s i g n i f i c a n t .  For example, i n  t h e  wet ru n s  none o f  t h e  p a i r s  
o f  means f o r  1, 4, 6 and 8 t / h a  were s i g n i f i c a n t l y  d i f f e r e n t .  In t h e  
v e ry  wet r u n s ,  none o f  th e  p a i r s  o f  means f o r  0 .5 ,  1, 4 and 6 t / h a  
were s i g n i f i c a n t l y  d i f f e r e n t ,  n o r  was r u n o f f  f o r  t h e  6 t / h a  s u r f a c e  
s t r a w  r a t e s  s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  a t  8 t / h a .  LSD v a lu e s  
w ere  v e r y  low, b e in g  0 .2 7 ,  0 .1 6  and 0 .1 1  cm f o r  d r y ,  wet and v e r y  wet 
r u n s ,  r e s p e c t i v e l y .  From a p r a c t i c a l  v ie w p o in t ,  r e g a r d l e s s  o f  
s t a t i s t i c a l l y  s i g n i f i c a n t  r e g r e s s i o n s ,  t h e  sm a l l  d i f f e r e n c e s  i n  r u n o f f  
f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  co u ld  n o t  a c c o u n t  f o r  a p p r e c i a b l e  
d i f f e r e n c e s  i n  s o i l  l o s s e s .
I f  low er th an  expec ted  v a lu e s  f o r  n e a r  z e r o  r a t e s  o f  s u r f a c e  
s t r a w ,  a s  compared to  o t h e r  r a t e s  o f  s t r a w ,  w ere  r e a l  and n o t  t h e  
r e s u l t  o f  random ex p e r im e n ta l  e r r o r ,  a p o s s i b l e  e r r o r  i n  e x p e r im e n ta l  
d e s ig n  cou ld  have caused such r e s u l t s .  The a s su m p t io n  had  b e e n  made 
t h a t  s p l a s h  o u t  o f  th e  t e s t  a r e a  was e q u a l  t o  s p l a s h  back  i n t o  t h e  t e s t  
a r e a  from th e  su rro u n d in g  b o rd e r  a r e a .  T h is  may have b ee n  a f a l s e  
assum ption .  There may have been  more s p l a s h  o u t  t h a n  b ack  i n t o  t h e  
t e s t  a r e a  f o r  r a t e s  l e s s  th a n  ab o u t  1 t o  2 t / h a .  S u r fa c e  s t r a w  above 
t h i s  r a t e  cau sed  d r o p l e t s  t o  s p l a s h  i n  a  more v e r t i c a l  d i r e c t i o n ,  t h u s  
m in im iz ing  any d i f f e r e n c e  i n  s p l a s h  o u t  and back i n t o  t h e  t e s t  a r e a .  
Thus th e  assum ption  cou ld  s t i l l  h o ld  f o r  t h e  h i g h e r  r a t e s  even i f  n o t  
v a l i d  f o r  r a t e s  o f  s u r f a c e  s t r a w  n e a r  z e ro .
Some t e s t s  were made i n  which th e  b o r d e r  a r e a  was ex ten d ed  around  
th e  t e s t  p l o t .  R e s u l t s  were in c o n c lu s iv e  a s  t o  w h e th e r  t h e r e  were any 
d i f f e r e n c e s  w i th  u s e  o f  th e  ex tended  b o rd e r .  In o r d e r  t o  a d e q u a te ly
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t e s t  th e  e f f e c t s  o f  an ex tended  b o r d e r ,  more a p p l i c a t o r  n o z z le s  would 
need to  be u sed ,  f o r  th e  i n t e n s i t y  d i s t r i b u t i o n  o f  t h e  r a in d r o p s  
d e c re a s e s  w ith  d i s t a n c e  away from the  u p p er  and  lo w er  ends o f  t h e  t e s t  
a r e a .  This  t e s t  w i l l  be made a s  a fo l lo w -u p  t o  t h i s  s tu d y .
E f f e c t s  o f  V arious  R a tes  o f  S u rfa ce  S traw  on S o i l  Loss
In  t h i s  randomized b lo c k  e x p e r im en t ,  t r e a t m e n ts  c o n s i s t e d  o f  seven  
r a t e s  o f  s u r f a c e  s t ra w  a p p l i c a t i o n s ,  r a n g in g  from  0 t o  8 t / h a .  T ab le  
10 shows th e  r a t e  o f  s u r f a c e  s t r a w  and t h e  s o i l  l o s s  from  each  
t r e a tm e n t  w i th i n  each  b lo c k .  Each s o i l  l o s s  v a lu e  i s  t h e  t o t a l  o f  d ry ,  
w et and v e ry  wet ru n s .  The maximum av e rag e  s o i l  l o s s  f o r  t h e  t h r e e  
b lo c k s  occu rred  f o r  th e  second t r e a tm e n t  ( 0 .5  t / h a )  fo l lo w ed  n ex t  by 
th e  f i r s t  t r e a tm e n t  (0 t / h a ) .  S o i l  l o s s e s  f o r  t h e  t h i r d  th rough  
se v e n th  t r e a tm e n ts  d ec rea sed  f o r  a d d i t i o n a l  i n c r e a s e s  i n  s u r f a c e  s t r a w  
a p p l i c a t i o n s .
An a n a ly s i s  o f  v a r ia n c e  (T ab le  11) shows t h a t  t r e a tm e n ts  
were s i g n i f i c a n t  a t  the  5 p e r c e n t  l e v e l ;  w h e rea s ,  b lo c k s  were 
n o t  s i g n i f i c a n t .  The g e n e r a l  t r e n d  f o r  t r e a t m e n t s  was t h a t  s o i l  l o s s  
d ec rea sed  w i th  i n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w  a p p l i c a t i o n s .
The l e a s t  s i g n i f i c a n t  d i f f e r e n c e  (LSD) method was u s e d  t o  t e s t  
com parisons betw een p a i r s  o f  mean v a lu e s  o f  s o i l  l o s s  f o r  t h e  v a r io u s  
r a t e s  o f  s u r f a c e  s t raw  a p p l i c a t i o n s .  The 5% v a lu e  o f  t  ( o n e - t a i l e d  
t e s t )  w i th  12 d eg ree s  o f  freedom ( d . f . )  i s  1 .782 . The s t a n d a r d  e r r o r  
o f  t h e  d i f f e r e n c e  between two means i s  eq u a l  t o  4 3 .2 4 ,  t h u s  th e  LSD i s  
eq u a l  t o  (1 .7 8 2 ) (4 3 .2 4 )  = 77. A o n e - t a i l e d  t  v a l u e  p r o v id e s  a  t e s t  o f
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T a b l e  10.  Sum o f  s o i l  l o s s e s  f rom d r y ,  w e t  a nd  v e r y  w e t  r u n s  f o r
d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w .
T rea tm en t 
S u rfa ce  Straw 
( t / h a )









0 658 659 734 684
0 .5 792 757 593 714
1 588 592 601 594
2 576 546 463 528
4 253 219 121 198
6 181 144 88 138
8 52 90 76 73
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2
T a b l e  11.  A n a l y s i s  o f  v a r i a n c e  f o r  t h e  s o l i  l o s s e s  ( g / m  ) f ro m  d r y
+  w e t  +  v e r y  w e t  r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w  ( t / h a ) .









F F ( .0 5 )
T o ta l 20 1390680
Straw 6 1342846 223808 80 3 .0 0
Blocks 2 14190 7095 2 .53 3 .8 8
E r r o r 12 33644 2804
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w hether one mean i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  a n o th e r .  The o n e - t a i l e d  
v a lu e  i s  used  h e r e  because  an  i n c r e a s e  i n  p r o t e c t i v e  c o v e r  on th e  
s u r f a c e  shou ld  r e s u l t  in  a d e c re a s e  i n  e r o s io n  r a t e s .
A r a t e  o f  0 t / h a  o f  s u r f a c e  s t ra w  was found t o  be s i g n i f i c a n t l y  
g r e a t e r  th a n  t h a t  f o r  1 t / h a ,  0 .5  g r e a t e r  th a n  1, 2 g r e a t e r  t h a n  4 , and 
6 g r e a t e r  th an  8 t / h a .  P a i r s  o f  means f o r  w hich  a s i g n i f i c a n t  
d i f f e r e n c e  d id  n o t  o ccu r  in c lu d ed  0 v e r s u s  0 .5 ,  1 v e r s u s  2, and 4
v e r s u s  6 t / h a .
J u s t  b ecau se  a d i f f e r e n c e  i n  s o i l  l o s s  f o r  some a d j a c e n t  t r e a tm e n ts  
was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  does  n o t  mean t h a t  s o i l  l o s s e s  w ere  
n o t  d e c re a s in g  w i th  in c r e a s in g  s u r f a c e  s t r a w  a p p l i c a t i o n  r a t e s .  Any 
such d e c re a s e  i n  s o i l  l o s s  was no t l a r g e  enough t o  be d e t e c t e d .  
E xcep t f o r  t h e  i n c r e a s e  from 0 t o  0 .5  t / h a ,  a l l  o t h e r  s o i l  l o s s  v a lu e s  
showed n u m erica l  d ec rea se s  w i th  i n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w .  
The g e n e ra l  t r e n d  was f o r  low er s o i l  l o s s  v a lu e s  w i th  i n c r e a s i n g  
s u r f a c e  s t ra w  a p p l i c a t i o n s .  Although r e s u l t s  f o r  t h r e e  o f  th e  
com parisons f o r  a d ja c e n t  a p p l i c a t i o n  r a t e s  were so c l o s e  t o g e t h e r  t h a t  
s t a t i s t i c a l  s i g n i f i c a n c e  could  n o t  be shown, s i g n i f i c a n t  d i f f e r e n c e s  
were shown when two o r  more a d j a c e n t  t r e a tm e n ts  i n  lo w er  r a n g e s  were 
compared w i th  com bina tions  o f  two o r  more a d j a c e n t  t r e a t m e n t s  i n  t h e  
n e x t  h ig h e r  ra n g e s .  For example, t h e  co m bina tion  o f  0 and 0 .5  t / h a  was 
s i g n i f i c a n t l y  g r e a t e r  a t  th e  5% l e v e l  th a n  t h e  co m b in a t io n  o f  1 and 2 
t / h a .  S c h e f f e 's  t e s t ,  which a l lo w s  f o r  com parisons o f  g ro u p s  o f  means 
s e l e c t e d  a f t e r  v i s u a l  i n s p e c t i o n  o f  th e  d a t a ,  was u sed  f o r  t h e s e  
com parisons .
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The e q u a t io n  s e l e c t e d  t o  r e p r e s e n t  t h e  r e l a t i o n s h i p  betw een s o i l  
l o s s  and s u r f a c e  s t r a w  i s :
Ln ( S .L . )  = 6 .66  -  0 .302  (ST)
2
where s o i l  l o s s  (S .L . )  i s  i n  g/m and s u r f a c e  s t r a w  i s  i n  t / h a .  The 
r e l a t i o n s h i p  i s  shown g r a p h ic a l ly  i n  F ig u re  13 w i th  t h e  n a t u r a l  l o g  o f  
s o i l  l o s s  p l o t t e d  v e r s u s  r a t e s  o f  s u r f a c e  s t r a w .
D ry , Wet and Very Wet Runs
T a b le s  12, 13, and 14 show th e  s o i l  l o s s e s  from th e  d ry ,  
wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  An a n a l y s i s  o f  v a r i a n c e  f o r  each 
o f  t h e s e  ru n s  i s  shown i n  T ab le  15. In a l l  t h r e e  ty p e s  o f  ru n s ,  
t h e  t r e a tm e n ts  o f  v a r io u s  r a t e s  o f  s u r f a c e  s t ra w  were s i g n i f i c a n t  when 
t e s t e d  a t  t h e  5% l e v e l ,  b u t  th e  e f f e c t  o f  b lo c k in g  was n o t  s i g n i f i c a n t .
The LSD t e s t s  showed a d i f f e r e n c e  o f  27, 37 and 40 g/m? was
r e q u i r e d  t o  d e t e c t  d i f f e r e n c e s  between p a i r s  o f  means i n  t h e  d r y ,  wet 
and v e ry  wet r u n s ,  r e s p e c t i v e l y .  In t h e  d ry  and very  wet ru n s  t h e r e  
w ere  s i g n i f i c a n t  d i f f e r e n c e s  I n  p a i r s  o f  means when t h e r e  was a t  l e a s t  
a d i f f e r e n c e  o f  2 t / h a  i n  s u r f a c e  s t r a w ,  e x c e p t  f o r  t h e  com parison  
betw een 4 and 6 t / h a  o f  s u r f a c e  s t r a w .  In th e  wet ru n s  a d i f f e r e n c e  o f  
4 t / h a  o f  s u r f a c e  s t r a w  was r e q u i r e d  b e f o re  d i f f e r e n c e s  i n  s o i l  l o s s  
co u ld  be s t a t i s t i c a l l y  d e t e c t e d  between p a i r s  o f  means.












DRY + WET * VERY WET RUNS 




F ig u r e  1 3 .  The r e l a t i o n s h i p  betw een s o i l  l o s s  (g /ia  ) and s u r f a c e  
s t raw  ( t / h a )  f o r  th e  sum o f  d ry ,  wet and very  wet r u n s .
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T a b l e  12 .  S o l i  l o s s  f rom d r y  r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w  a p p l i c a t i o n s .
S o i l L osses
S u rfa ce
S traw











0 250 236 268 754 251
0 .5 232 255 244 731 244
1 190 183 202 575 192
2 167 174 178 519 173
4 103 74 32 209 70
6 51 60 28 139 46
8 13 18 23 54 18
T o ta l 1006 1000 975
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T a b l e  13.  S o l i  l o s s  f rom we t  r u n s  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e
s t r a w .
S o i l  L o sses
S u r fa c e
S traw











0 168 20A 215 587 196
0 .5 227 246 142 615 205
1 206 201 196 603 201
2 223 190 168 581 194
A 77 77 52 206 69
6 67 41 37 145 48
8 22 44 32 98 33
T o ta l 990 1003 842 2835
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2
T a b l e  14.  S o i l  l o s s  (g /m ) f ro m  v e r y  w e t  r u n s  f o r  d i f f e r e n t  r a t e s
o f  s u r f a c e  s t r a w  ( t / h a ) .
S o i l  L o sses
S u rfa ce
S traw











0 240 219 251 710 237
0 .5 333 256 207 796 265
1 192 208 203 603 201
2 186 182 117 485 162
4 73 68 37 178 59
6 63 43 23 129 43
8 17 28 21 66 22
T o ta l 1104 1004 859 2967
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2
T ab le  15. A n a ly s is  o f  v a r ia n c e  f o r  s o i l  l o s s e s  (g/m ) from  d r y ,  wet 
and v e ry  wet runs  f o r  d i f f e r e n t  r a t e s  o f  s u r f a c e  s t r a w  
( t / b a )  .









F * ( .0 5 )
T o ta l 20 170603 8530
Straw 6 166434 27739 81.3 3 .0
B locks 2 77 38 0.1 3 .9
E r r o r 12 4092 341









F * ( .0 5 )
T o ta l 20 126400 6320
S traw 6 116285 19381 29.7 3 .0
Blocks 2 2285 1142 1.8 3 .9
E r r o r 12 7830 652









F * ( .0 5 )
T o ta l 20 190570
S traw 6 177216 29536 39.3 3 .0
Blocks 2 4336 2168 2 .9 3 .9
E r r o r 12 9018 752
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The fo l lo w in g  e q u a t io n s  were d e r iv e d  f o r  t h e  d r y ,  wet and v e ry  wet 
ru n s :
Dry L n (S .L .)  = 5 .63  -  0 .335  (ST), /  = 0 .9 2  
Wet L n (S .L . ) = 5 .46  -  0 .259 (ST), r 2 = 0 .8 9
Very Wet L n (S .L .)  = 5 .59  -  0 .323  (ST), r 2 = 0 .9 2
2
where S .L . e q u a ls  s o i l  l o s s  i n  g/m and ST i s  s u r f a c e  s t r a w  i n  t / h a .
The e q u a t io n s  a r e  shown g r a p h ic a l l y  i n  f i g u r e s  14, 15, and 16 f o r  t h e  
d ry ,  wet and v e r y  wet ru n s ,  r e s p e c t i v e l y .
Although dry  ru n s  were 30 m inu tes  lo n g e r  th a n  o t h e r  r u n s ,  t h e i r  
s o i l  l o s s e s  were n o t  s t a t i s t i c a l l y  g r e a t e r  b ecause  e x t r a  tim e was 
r e q u i r e d  f o r  t h e  i n i t i a t i o n  o f  r u n o f f  and f o r  t h e  r i s i n g  s i d e  of t h e  
r u n o f f  hy d ro g rap h .  About 12 m in u tes  e la p s e d  b e f o r e  t h e r e  was any 
r u n o f f  f o r  th e  0 and 0 .5  t / h a  r a t e s  o f  s u r f a c e  s t r a w .  T h is  tim e 
i n t e r v a l  i n c r e a s e d  t o  ab o u t  16 m in u te s  f o r  t h e  1 and  2 t / h a  r a t e s ,  and 
20 m in u te s  f o r  t h e  4 , 6 and 8 t / h a  r a t e s .  E q u i l ib r iu m  r a t e s  o f  r u n o f f  
u s u a l l y  o cc u rre d  i n  t h e  wet o r  v e ry  wet ru n s .
I n i t i a l  s o i l  m o is tu re  c o n te n t s  f o r  d ry  ru n s  were v e r y  low , ab o u t  
1.5%. The s o i l  s u r f a c e  m o is tu re  c o n te n t s  fo l lo w in g  d ry  ru n s  were ab o u t  
e q u a l  t o  th o s e  fo l lo w in g  wet and v e r y  wet ru n s  (T a b le  1 6 ) .  The s o i l  
s u r f a c e  m o is tu r e  c o n te n t s  g e n e r a l l y  i n c r e a s e d  w i th  i n c r e a s i n g  r a t e s  o f  
s u r f a c e  s t r a w .
S in c e  i n i t i a l  and f i n a l  s o i l  m o is tu r e  c o n t e n t s  f o r  wet and very  wet 
ru n s  were s i m i l a r ,  time p e r io d s  were e q u a l  f o r  t h e s e  r u n s ,  and t h e r e  
was no a p p r e c i a b l e  ev id en ce  o f  s u r f a c e  changes betw een t h e s e  ru n s ,  i t
















F ig u r e  14 .  The r e l a t i o n s h i p  between s o i l  l o s s  (g /m z) and s u r f a c e  
s t r a w  ( t / h a )  f o r  dry ru n s .










SURFACE STRAW ( t /h a )
F ig u r e  15 . The r e l a t i o n s h i p  between s o i l  l o s s  (g/m ) and s u r f a c e  
s t r a w  ( t / h a )  f o r  wet ru n s .












F ig u re  16. The r e l a t i o n s h i p  between s o i l  lo s s  (g/m ) and s u r fa c e  
s t ra w  ( t / h a )  f o r  very  wet ru n s .
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T ab le  16. Average s o i l  s u r f a c e  m o is tu re  c o n te n t s  f o l lo w in g  d r y ,  wet 
and very  wet ru n s  f o r  v a r io u s  r a t e s  o f  s u r f a c e  s t r a w .
AVERAGE SOIL SURFACE MOISTURE CONTENT
S u rfa ce  A f t e r  Dry Runs A f te r  Wet Runs A f t e r  Very Wet Runs
S traw
t / h a  % % %
0 30 32 31
0 .5 33 32 33
1 31 32 32
2 35 32 34
4 35 35 36
6 38 36 36
8 37 37 38
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fo l lo w s  t h a t  s o i l  l o s s e s  from wet and v e r y  wet ru n s  would be s i m i l a r .  
D i f f e r e n c e s  betw een s o i l  l o s s e s  from wet and v e ry  wet r u n s  were n o t  
s i g n i f i c a n t ,  a s  shown by an a n a ly s i s  o f  v a r i a n c e  (T a b le  17) i n  
which d a t a  were a r ran g e d  i n  two b lo c k s -  one f o r  wet r u n s ,  and th e  o t h e r  
f o r  v e ry  wet ru n s .
T here  was a r a p id l y  r i s i n g  hydrograph  f o r  r u n o f f  a t  t h e  b eg in n in g  
o f  v e ry  wet r u n s ,  u s u a l l y  re a c h in g  f i n a l  r u n o f f  r a t e s  o f  t h e  wet ru n s  
a f t e r  t h e  f i r s t  fo u r  m in u te s  o f  v e r y  wet r u n s .  Thus th e  sum o f  s o i l  
l o s s e s  from wet and v e ry  wet ru n s  c lo s e ly  approxim ated  t h a t  which would 
have o c c u r re d  w i th  a co n t in u o u s  "wet" ru n  o f  60 m in u te s .  The e q u a t io n  
f o r  th e  summation o f  s o i l  l o s s  from wet and v e ry  wet ru n s  was:
Ln ( S .L . )  = 6 .22  -  0 .2 9  (ST), r 2 = 0 .92  
where s o i l  l o s s  ( S .L . )  i s  i n  g/m^ and s u r f a c e  s t r a w  (ST) i s  i n  t / h a .
The sum o f  s o i l  l o s s e s  from wet and v e r y  w et ru n s  was compared to  
s o i l  l o s s e s  from d ry  ru n s .  Thus s o i l  l o s s e s  d u r in g  e q u a l ,  60-m inu te  
t im e  p e r io d s  were compared f o r  which t h e r e  were two very  d i f f e r e n t  
i n i t i a l  s o i l  m o is tu r e  c o n t e n t s .  O bvious ly ,  t h e  sum o f  s o i l  l o s s e s  
from th e  wet and v e r y  wet ru n s  sh o u ld  be g r e a t e r  th a n  from d ry  ru n s ,  a s  
was v e r i f i e d  by an a n a l y s i s  o f  v a r i a n c e  (T a b le  1 8 ) .
The a n a l y s i s  o f  v a r i a n c e  showed a s i g n i f i c a n t  i n t e r a c t i o n  betw een  
ty p e  o f  run  and s u r f a c e  s t r a w  t r e a tm e n ts .  P h y s ic a l  e v id e n c e  o f  th e  
i n t e r a c t i o n  can  b e s t  be s e e n  by e x p re s s in g  t h e  e q u a t io n  f o r  t h e s e  two 
ty p e s  o f  ru n s  i n  e x p o n e n t i a l  form and com paring t h e i r  g r a p h ic a l
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T ab le  17. A n a ly s is  o f  v a r ia n c e  f o r  s o i l  l o s s  (g/m ) f r a n  seven
r a t e s  o f  s u r f a c e  s t r a w  (0 t o  8 t / h a )  w i th  d a t a  a r ra n g e d
i n  two b lo ck s :  s o i l  l o s s  from wet ru n s  i n  one b lo c k  and
s o i l  l o s s  from v e r y  wet ru n s  i n  t h e  second  b lo c k .









F * ( .0 5 )
T o ta l 41 317385
Straw 6 284053 47342 56 .49 2 .44
Type o f  Run 
(Wet o r  
Very Wet)
1 415 415 0 .5 0 4 .2 0
I n t e r a c t i o n 6 9447 1574 1 .88 2 .44
E r r o r 28 23470 838
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T able  18. A n a ly s is  o f  v a r ia n c e  f o r  s o i l  l o s s  (g/m  ] f o r  v a r io u s  
r a t e s  o f  s u r f a c e  s t r a w  (0 t o  8 t / h a )  f o r  60 -m inu te  d ry  
ru n s  and th e  sum o f  wet and v e ry  w et r u n s .









F * ( .0 5 )
T o ta l 41 967316
S traw 6 671423 111904 72 .38 2 .44
Type o f  Run 
(Dry v s . 
Rum o f  
Wet and 
Very Wet) 1 189477 189477 122.55 4 .2 0
I n t e r a c t i o n 6 63118 10520 6 .8 0 2 .4 4
Er r o r 28 43298 1546
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r e p r e s e n t a t i o n s  (F ig u re  1 7 ) .  As s u r f a c e  s t r a w  in c r e a s e d ,  s o i l  l o s s e s  
d e c re a s e d  f o r  b o th  60-m inute  p e r io d s ;  however, c u rv e s  r e p r e s e n t i n g  t h e  
r e l a t i o n s h i p  betw een s o i l  l o s s  and s u r f a c e  s t ra w  f o r  t h e  two ty p e s  o f  
ru n s  a r e  n o t  p a r a l l e l .  At th e  u p p er  l i m i t  o f  8 t / h a  o f  s u r f a c e  s t r a w ,  
t h e  c u rv e s  have n o t  y e t  converged  b u t  a r e  much c l o s e r  t o g e t h e r .  At 
0 t / h a  o f  s u r f a c e  s t r a w ,  av e rag e  s o i l  l o s s  from  th e  6 0 -m in u te  d ry  ru n s  
was exceeded by t h a t  from th e  combined 3 0 -m in u te  wet and v e r y  wet ru n s  
by abou t  224 g/m^. At 8 t / h a  o f  s u r f a c e  s t r a w  t h i s  d i f f e r e n c e  h a s  been 
red u ced  to  on ly  ab o u t  28 g/m^, h u t  th e  r a t i o  o f  s o i l  l o s s  from th e  
w e t t e r  run  t o  t h a t  from th e  d ry  ru n  has i n c r e a s e d  from  ab o u t  1 .8  t o  
2 .3 .











-  MET 4- VERY MET RUNS
-O .ffl XY = 503 e 
-  DRY RUNS







F ig u re  1 7 .  Comparison of e q u a t io n s  r e l a t i n g ,  s o i l  lo s s  (g/m ) and 
s u r f a c e  s t raw  ( t / h a )  fo r  a 60-m inu te  I n i t i a l  d ry  run  and 
f o r  th e  sum o f  two 3 0 - o ln u te  (w e t  + v e ry  w et) ru n s .
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E f f e c t s  o f  In c o rp o ra te d  S traw  on Runoff
A co m p le te ly  randomized d e s ig n  was u sed  t o  t e s t  t h e  e f f e c t s  o f  
I n c o rp o ra te d  s t r a w  on r u n o f f .  There  were f i v e  r e p l i c a t i o n s  w i th  0 t / h a  
o f  I n c o rp o ra te d  s t r a w  and f i v e  r e p l i c a t i o n s  w i th  9 t / h a  o f  i n c o r p o r a t e d  
s t r a w .  Two r e p l i c a t i o n s  were u sed  f o r  i n c o r p o r a t e d  r a t e s  o f  2 .2 ,  4 .5  
and 6 .7  t / h a .
The sum o f  r u n o f f  v a lu e s  from d ry ,  wet and v e ry  wet ru n s  a r e  
p r e s e n te d  i n  T ab le  19 f o r  each  r e p l i c a t i o n  o f  t h e  f i v e  t r e a tm e n ts  
o f  in c o r p o r a t e d  s t r a w  r a t e s .  Average r u n o f f  r a t e s  from t h e  sum o f  d r y ,  
wet and v e ry  wet ru n s  was 7 .0 7 ,  7 .4 6 ,  7 .4 4 ,  7 .5 2  and 7 .5 6  cm f o r  
I n c o rp o ra te d  r a t e s  o f  0, 2 .2 ,  4 .5 ,  6 .7  and 9 t / h a ,  r e s p e c t i v e l y .  The 
S .E .  o f  th e  d i f f e r e n c e  i n  means, u s in g  th e  e r r o r  mean s q u a r e  i n  t h e  
a n a l y s i s  o f  v a r ia n c e  (T ab le  20) a s  th e  v a r i a n c e  p e r  sam ple , f o r  
com parisons o f  means w i th  5 and 5, 5 and 2, and 2 and 2 r e p l i c a t i o n s  
was 0 .164 , 0 .217  and 0 .259 , r e s p e c t i v e l y .  The t  v a lu e s  ( t w o - t a i l e d ,  
5%, 11 d e g re e s  o f  freedom) o f  2 .201 t im es t h e s e  r e s p e c t i v e  S .E .  v a lu e s  
gave LSD v a lu e s  o f  0 .3 6 ,  0 .2 6  and 0 .5 7  cm, r e s p e c t i v e l y .
The d i f f e r e n c e  i n  mean r u n o f f  v a lu e s  f o r  0 and 9 t / h a  o f  
in c o rp o r a te d  s t ra w  was s l i g h t l y  s i g n i f i c a n t ,  b u t  c o n p a r i s o n s  f o r  any 
o t h e r  p a i r s  o f  means were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  An a n a l y s i s  
o f  v a r ia n c e  (T ab le  20) i n d i c a t e s  no e f f e c t  o f  i n c o r p o r a t e d  s t r a w  
a t  th e  5% l e v e l  o f  s i g n i f i c a n c e  on t h e  sum o f  r u n o f f  v a l u e s  from  d ry ,  
wet and v e ry  wet ru n s .  N e v e r th e le s s ,  a l i n e a r  component f o r  t h e  e f f e c t  
o f  t r e a tm e n ts  was s t a t i s t i c a l l y  s i g n i f i c a n t .  The l i n e a r  r e g r e s s i o n
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T ab le  19. Runoff from each  r e p l i c a t i o n  f o r  d ry ,  w et and v e ry  wet 
ru n s  f o r  in c o rp o ra te d  r a t e s  o f  s t r a w .
In c o rp o ra te d Runoff
Straw Dry Runs Wet Runs Very Wet Runs T o ta l
t / h a (cm) (cm) (cm) (cm)
0 2.70 1 .86 2 .5 0 7.06
0 2.73 1.91 2 .5 4 7.18
0 2.63 1.89 2 .5 3 7 .05
0 2.54 2 .04 2 .58 7.16
0 2.36 1 .98 2 .5 4 6 .8 8
2 .2 3.04 1.72 2 .5 0 7.26
2 .2 2.92 2.18 2 .57 7 .67
4 .5 2.82 2 .16 2 .5 6 7 .54
4 .5 2.65 1 .98 2 .71 7 .34
6 .7 3.33 2 .08 2 .44 7 .85
6 .7 2.88 1.85 2 .4 6 7 .1 9
9 .0 3.31 2 .05 2 .51 7 .87
9 .0 2 .90 2 .00 2 .3 2 7 .22
9 .0 2.86 1 .94 2 .4 5 7 .25
9 .0 3.11 2.12 2 .5 2 7 .75
9 .0 3.00 2 .2 0 2.49 7 .69
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T able  20. A n a ly s is  o f  v a r ia n c e  f o r  r u n o f f  (cm) from  t h e  sum o f  d ry ,  
w et and v e ry  wet ru n  f o r  In c o rp o ra te d  s t r a w  r a t e s  o f  0, 
2 .2 ,  4 .5 ,  6 .7 ,  and 9 t / h a .









F F( .0 5 )
T o ta l 15 1.4471
In c o rp o ra te d 4 0.7078 .1770 2 .6 3 3 .36
E r r o r 11 0.7393 .0672
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
was:
R.O. ■= 7 .15  + 0 .0 5  INC. ST.
where r u n o f f  (R .O .)  was I n  cm and In c o r p o r a te d  s t r a w  (INC. ST.) was in  
2
t / h a .  Hie r  f o r  t h i s  e q u a t io n  was o n ly  0 .3 9 .  The S .E .  o f  e s t i m a t e  
was 0 .2 5  cm, o r  on ly  s l i g h t l y  l e s s  th a n  th e  s t a n d a r d  d e v i a t i o n  (0 .3 1  
cm) o f  a l l  sam ples f o r  th e  e n t i r e  range  o f  i n c o r p o r a t e d  s t r a w  r a t e s .  
Only ab o u t  30% o f  th e  v a r i a t i o n  i n  r u n o f f  was a s s o c i a t e d  w i th  th e  
l i n e a r  r e g r e s s i o n  on in c o rp o r a te d  s t r a w .  The c o e f f i c i e n t  o f  v a r i a t i o n  
f o r  t h e  e n t i r e  d a t a  s e t  was only  4.2%, th u s  any s i g n i f i c a n c e  a t t a c h e d  
t o  any r e d u c t io n  i n  v a r i a t i o n  due t o  r e g r e s s i o n  s e r v e s  no p r a c t i c a l  
p u rp o se .  For a l l  p r a c t i c a l  p u rp o s e s ,  and c e r t a i n l y  i n  r e g a r d  t o  any 
su b seq u e n t  e f f e c t  o f  s o i l  l o s s ,  t h e r e  was no c o r r e l a t i o n  betw een  r u n o f f  
from th e  sun o f  d ry ,  wet and v e ry  wet ru n s  and r a t e s  o f  in c o r p o r a t e d  
s t r a w .  The l a c k  o f  c o r r e l a t i o n  i s  shown g r a p h ic a l l y  i n  F ig u r e  18.
D ry , Wet and Very Wet Runs
R unoff d a t a  f o r  each r e p l i c a t i o n  o f  th e  f i v e  t r e a t m e n ts  o f  
in c o r p o r a t e d  s t r a w  a r e  p r e s e n te d  i n  T ab le  19. T ab le  21 shows th e  
a v e rag e  r u n o f f  v a lu e  f o r  each  r a t e  o f  in c o r p o r a t e d  s t r a w  f o r  each  ty p e  
o f  ru n .  Average r u n o f f  ranged from 2 .5 9  t o  3 .0 4 ,  1 .9 4  t o  2 .0 7  and  2 .4 5  
t o  2 .6 4  cm f o r  t h e  e n t i r e  ran g e  o f  in c o rp o r a te d  s t r a w  r a t e s  i n  t h e  d ry ,  
w e t ,  and v e ry  wet r u n s ,  r e s p e c t i v e l y .
Although v a r i a t i o n  i n  t h e  d a t a  was r e l a t i v e l y  low , a n  a n a l y s i s  o f  
v a r i a n c e  (T a b le  22) f o r  each  ty p e  o f  run  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  
in c o r p o r a t e d  s t ra w  on r u n o f f  was s l i g h t l y  s i g n i f i c a n t  a t  t h e  5% l e v e l












F ig u r e  18. Runoff (cm) p l o t t e d  v e rsu s  In c o rp o ra te d  s t r a w  ( t / h a )  f o r  
th e  sum of d r y ,  wet and very  wet r u n s .
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DRY + WET +  VERY WET RUNS
INCORPORATED STRAW ( t /h a )
T a b le  21. A verage r u n o f f  f o r  d r y ,  w e t ,  a n d  v e r y  w e t  r u n s  f o r  e a c h
r a t e  o f  I n c o r p o r a t e d  s t r a w .
In c o rp o ra te d Average Runoff
St raw No. Dry Wet Very Wet T o ta l
( t / h a )  Reps. (cm) (cm) (cm) (cm)
0 5 2.59 1.94 2 .5 4 7 .07
2 .2 2 2 .98 1 .95 2 .5 4 7 .47
A. 5 2 2.74 2 .07 2 .6 4 7 .4 5
6 .7 2 3.10 1 .96 2 .4 5 7 .51
9 .0 5 3.04 2 .06 2 .4 6 7 .56
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T a b le  22 . A n a l y s i s  o f  v a r i a n c e  f o r  r u n o f f  (cm) f o r  d r y ,  w e t  and
v e r y  w et r u n s  f o r  I n c o r p o r a t e d  s t r a w  r a t e s  o f  0 , 2 .2 ,
4 . 5 ,  6 .7  and 9 t / h a .









F * ( .0 5 )
DRY RUNS
T o ta l 15 1.0370
In c .  S traw 4 0.6941 .1735 5 .56 3 .3 6
E r r o r 11 0.3429 .0312
WET RUNS
T o ta l 15 0.2679
In c .  S traw 4 0.0569 .0142 0 .7 4 3 .3 6
E r r o r 11 0.2111 .0192
VERY WET RUNS
T o ta l 15 0.1008
In c .  S traw 4 0.0569 .0142 3 .55 3 .3 6
E r r o r 11 0.0439 .0040
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f o r  th e  d ry  and very  wet r u n s .  For a l l  p r a c t i c a l  p u rp o s e s ,  th e s e  
s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  a r e  m is le a d in g .
None o f  th e  p a i r s  o f means i n  t h e  d ry  ru n s  f o r  i n c o r p o r a t e d  r a t e s  
o f  2 .2  th rough  9 t / h a  were s i g n i f i c a n t l y  d i f f e r e n t .  The mean r u n o f f  
v a lu e  o f  2 .5 9  cm a t  0 t / h a  o f  in c o r p o r a t e d  s t ra w  was s i g n i f i c a n t l y  
d i f f e r e n t  from  th e  mean v a lu e  o f  3 .0 4  cm a t  9 t / h a .  The mean v a lu e  a t  
0 t / h a  was a l s o  s i g n i f i c a n t l y  d i f f e r e n t  from th e  mean v a lu e  o f  2 .9 8  cm 
a t  2 .2  t / h a  a s  w e l l  a s  th e  3 .1 0  cm a t  6 .7  t / h a .  The S .E .  o f  d i f f e r e n c e  
f o r  comparing th e  d i f f e r e n c e  i n  means a t  0 and 9 t / h a  was 0 .112  cm 
r e s u l t i n g  i n  an LSD o f  0 .2 5 cm. The S .E .  o f  d i f f e r e n c e  betw een  two 
means a t  0 and 2 .2  t / h a  a s  w e l l  a s  t h e  d i f f e r e n c e  between 0 and 6 .7
t / h a  was 0 .148  cm, r e s u l t i n g  i n  a LSD v a lu e  o f  0 .3 3  cm.
In  g e n e r a l ,  t h e r e  was j u s t  n o t  much v a r i a t i o n  i n  t h e  d a t a  s e t  f o r  
t h e  dry  ru n s .  The v a r ia n c e  ab o u t  t h e  mean o f  t h e  e n t i r e  d a t a  s e t  was 
only  0 .0691 . A f te r  t a k in g  i n t o  a c co u n t  t h e  v a r i a t i o n  due t o  th e  e f f e c t  
o f  i n c o r p o r a te d  s t r a w ,  th e  v a r i a n c e  was f u r t h e r  red u ced  to  0 .0312 . The 
F v a lu e  o f  5 .56  r e s u l t e d  i n  s t a t i s t i c a l  s i g n i f i c a n c e .  But t h e  low 
n u m er ic a l  v a lu e  o f  t h e  t o t a l  v a r i a n c e ,  t h e  s m a l l  number o f  r e p l i c a t i o n s  
and t h e  l a c k  o f  s i g n i f i c a n t  d i f f e r e n c e s  i n  any  o f  t h e  p a i r s  o f  means 
f o r  2 .2  th rough  9 .0  t / h a  o f  in c o r p o r a te d  s t r a w  sh o u ld  be  ta k e n  i n t o  
acco u n t  i n  d e te rm in in g  th e  meaning o f  t h e  s t a t i s t i c a l  s i g n i f i c a n c e .
From a p r a c t i c a l  s t a n d p o in t ,  a s t r o n g  enough c a s e  h a s  n o t  been  made to
conc lude  t h a t  r u n o f f  from d ry  ru n s  i s  a f f e c t e d  by changes i n
in c o rp o r a te d  r a t e s  o f  s t ra w .
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S im i l a r  comments apply  somewhat t o  r e s u l t s  f o r  t h e  v e r y  wet r u n s .
An a n a l y s i s  o f  v a r ia n c e  I n d ic a t e d  a s l i g h t  s i g n i f i c a n c e  f o r  t h e  e f f e c t  
on r u n o f f  o f  In c o rp o ra te d  r a t e s  o f  s t r a w .  Yet t h e  v a r i a n c e  o f  t h e  d a t a  
s e t  was even l e s s  th an  I n  d ry  r u n s .  Hie v a r i a n c e  f o r  r u n o f f  I n  t h e  
v e ry  wet ru n s  was only 0 .0067 , which i n  t u r n  was f u r t h e r  red u ced  to  
on ly  0 .0040 when th e  e f f e c t s  o f  I n c o r p o r a t e d  s t r a w  were removed. In 
t h i s  c a se  an F v a lu e  of 3 .55  was on ly  s l i g h t l y  h i g h e r  th a n  t h a t  o f  3 .3  6 
r e q u i r e d  f o r  s i g n i f i c a n c e  a t  t h e  5% l e v e l .
Comparisons o f  d i f f e r e n c e s  i n  p a i r s  o f  means show t h a t  none were 
s t a t i s t i c a l l y  d i f f e r e n t .  Mean v a lu e s  o f  r u n o f f  a t  0 and 2 .2  t / h a  were 
e q u a l .  The d i f f e r e n c e  i n  mean v a lu e s  o f  r u n o f f  a t  6 .7  and  9 t / h a  was 
o n ly  0 .01  cm, and th e  h ig h e s t  mean v a lu e  a t  4 .5  t / h a  was on ly  0 .1 9  cm 
g r e a t e r  th a n  th e  lo w es t  mean a t  6 .7  t / h a .
The t r e a tm e n t  sum o f  s q u a re s  was su b d iv id e d  i n t o  two com ponents ,  a 
l i n e a r  r e g r e s s i o n  component and d e v i a t i o n s  from l i n e a r  r e g r e s s i o n  
(T able  2 3 ) .  The l i n e a r  component was s l i g h t l y  s i g n i f i c a n t ,  and 
d e v i a t i o n s  from l i n e a r  r e g r e s s i o n  were n o t  s i g n i f i c a n t .  When th e  
d e v i a t i o n  sum o f  sq u a re s  were combined w i th  t h e  e r r o r  sum o f  s q u a r e s ,  
g iv in g  14 d eg rees  o f  freedom f o r  e r r o r ,  th e  l i n e a r  r e g r e s s i o n  
approached  b u t  f e l l  s h o r t  o f  s i g n i f i c a n c e  a t  t h e  5% l e v e l .
F ig u r e s  19, 20, and 21 show r u n o f f  v a lu e s  p l o t t e d  v e r s u s  r a t e s  
o f  in c o rp o ra te d  s t ra w  f o r  t h e  d r y ,  wet and v e r y  wet r u n s .  These 
f i g u r e s  i l l u s t r a t e  g r a p h ic a l l y  t h e  l a c k  o f  c o r r e l a t i o n  betw een  r u n o f f  
and r a t e s  o f  in c o rp o ra te d  s t ra w  f o r  t h e  d ry ,  w et and v e ry  wet ru n s .
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T a b le  23. A n a l y s i s  o f  v a r i a n c e  f o r  l i n e a r  r e g r e s s i o n  o f  r u n o f f  (cm)
from  v e ry  w e t  r u n s  f o r  i n c o r p o r a t e d  s t r a w  r a t e s  o f  0,
2 . 2 ,  4 . 5 ,  6 .7  and 9 .0  t / h a .
A n a ly s is  o f  V a r ian ce
Source Degree 







F F( .0 5 )
T o ta l 15 0.1008
In c o rp o ra te d 4 0.0569 0.0142 3 .5 5 3 .3 6
L in e a r  Reg 1 0.0213 0.0213 5 .3 2 4 .8 4
D e v ia t io n 3 0.0356 0.0119 2 .9 8 3 .5 9
E r r o r 11 0.0439 0.0040















F ig u re  19. Runoff (era) p l o t t e d  v e r s u s  in c o r p o r a t e d  s t raw  ( t / h a )  fo r  
d ry  ru n s .
DRY RUNS
2 4 6 8
INCORPORATED STRAW ( t /h a )












F ig u r e  20
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MET RUNS
I- 0 O ©o
J 1------- 1_____I_____I_____ I L I
2 4 6 8 10
INCORPORATED STRAW (t/ha)
Runoff (cm) p lo t t e d  v e r s u s  In c o rp o ra te d  s t r a w  ( t / h a )  f o r  














J I I 1 _______________________________
0 2 4 6 8 10
INCORPORATED STRAW ( t /h a )
F ig u r e  21 . Runoff (co) p l o t t e d  v e r s u s  In c o rp o ra te d  s t ra w  ( t / h a )  fo r  
very  wet ru n s .
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T ab le  24 shows th e  ave rage  s o i l  s u r f a c e  m o is tu r e  c o n t e n t s  f o l lo w in g  
d r y ,  wet and very  wet runs  were ab o u t  t h e  same. These d a t a  a l s o  r e v e a l  
t h a t  i n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t ra w  d id  n o t  c a u s e  any change in  
t h e  s o i l  s u r f a c e  m o is tu re  c o n t e n t s .
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T a b le  24 . A verage  s o l i  s u r f a c e  m o i s t u r e  c o n t e n t s  a f t e r  d r y ,  w e t  and
v e r y  w et r u n s  f o r  v a r i o u s  i n c o r p o r a t e d  r a t e s  o f  s t r a w .
AVERAGE SOIL SURFACE MOISTURE CONTENT
S u r fa c e  A f t e r  Dry Runs A f te r  Wet Runs A f t e r  Very Wet Runs
S traw  % % %
t / h a
0 29 31 32
2.2 30 30 30
4 .5 29 30 30
6 .7 28 30 31
9 .0 29 31 31
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E f f e c t s  o f  I n c o r p o r a t e d  S t ra w  on S o i l  L o ss
A co m p le te ly  randomized d e s ig n  was used  t o  t e s t  t h e  e f f e c t s  of 
In c o rp o ra te d  s t r a w  on s o i l  l o s s .  There were f i v e  r e p l i c a t i o n s  w i th  0 
t / h a  amounts o f  in c o rp o r a te d  s t r a w  and f i v e  r e p l i c a t i o n s  w i th  9 t / h a  o f  
I n c o rp o ra te d  s t r a w .  Two r e p l i c a t i o n s  were u sed  f o r  I n c o r p o r a t e d  r a t e s  
o f  2 .2 ,  4 .5  and 6 .7  t / h a .  P re l im in a ry  I n v e s t i g a t i o n s  In v o lv in g  s e v e r a l  
ru n s  I n d i c a t e d  no e f f e c t  o f  In c o rp o ra te d  s t r a w  on s o i l  l o s s .  T h is  was 
t h e  r e a s o n  f o r  u s in g  more r e p l i c a t i o n s  a t  t h e  0 and  9 t / h a  r a t e s  o f  
in c o r p o r a t e d  s t r a w .
S o i l  l o s s  v a lu e s  f o r  th e  sum o f  d r y ,  wet and v e ry  w et ru n s  f o r  each  
r e p l i c a t i o n  o f  each r a t e  o f  in c o rp o r a te d  s t r a w  a r e  p r e s e n t e d  i n  
T ab le  25. Average s o i l  l o s s  f o r  t h e  sum o f  d r y ,  w et and v e r y  wet runs 
was 814, 869, 826, 883 and 843 g/m2 f o r  in c o r p o r a t e d  r a t e s  o f  0, 2 .2 ,  
4 . 5 ,  6 .7  and 9 t / h a ,  r e s p e c t i v e l y .  An a n a l y s i s  o f  v a r i a n c e  (T a b le  
26) i n d i c a t e s  t h a t  th e  e f f e c t  o f  i n c o r p o r a t e d  s t r a w  on s o i l  l o s s  was 
n o t  s i g n i f i c a n t .
Mean v a lu e s  of s o i l  l o s s  f o r  0 and 9 t / h a  o f  i n c o r p o r a t e d  r a t e s  o f  
s t r a w  were compared. Using a poo led  v a r i a n c e  f o r  s o i l  l o s s  v a lu e s  from 
t h e s e  two r a t e s  o f  in c o rp o r a te d  s t ra w  gave a S .E .  o f  d i f f e r e n c e  betw een 
t h e  means o f  14 .14 g/m . The d i f f e r e n c e  betw een th e  means, 29.2 
g/m , d iv id e d  by 14.14 g/m gave a t  v a lu e  o f  2 .0 7 .  T h is  v a lu e  was 
l e s s  th an  th e  v a lu e  o f  2 .31  ( t w o - t a i l e d ,  5% l e v e l ,  8 d e g re e s  o f  
freedom ) r e q u i r e d  f o r  s i g n i f i c a n c e .
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T ab le  25. S o i l  l o s s  v a lu e s  f o r  each  r e p l i c a t i o n  f o r  d r y ,  wet and 
v e ry  wet ru n s  f o r  in c o rp o r a te d  s t r a w  r a t e s  o f  0, 2 .2 ,  
4 . 5 ,  6 .7 ,  and 9 .0  t / h a .
In c o rp o ra te d S o i l  Loss
S traw
( t / h a )
Dry Runs
(g/m )
Wet Runs Very We± Runs 
(g/m ) (g /m  )
T o ta l  
(g /m  )
0 307 183 294 784
0 293 213 306 812
0 236 259 284 779
0 257 276 342 875
0 256 235 329 820
2 .2 407 195 323 925
2 .2 305 232 276 813
4 .5 336 197 277 810
4 .5 275 195 372 842
6 .7 395 235 275 905
6.7 314 218 329 861
9 .0 397 235 275 907
9 .0 355 193 314 862
9 .0 330 201 249 780
9 .0 354 191 261 806
9 .0 312 221 328 861
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T a b le  26. A n a l y s i s  o f  v a r i a n c e  f o r  s o i l  l o s s  (g /m  ) from  t h e  svm o f
d r y ,  w et and v e r y  w e t r u n s  f o r  I n c o r p o r a t e d  r a t e s  o f
s t r a w  o f  0 ,  2 . 2 ,  4 . 5 ,  6 .7  and  9 t / h a .









F F( .0 5 )
T o ta l 15 32960
I n c .  S traw 4 9203 2301 1 .07 3 .36
E r r o r 11 23757 2160
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A nother way o f  comparing t h e s e  means was by u s in g  t h e  S .E . o f  th e
d i f f e r e n c e  between th e  means t h a t  i s  c a l c u l a t e d  u s i n g  t h e  e r r o r  mean 
2
sq u a re  (S ) from th e  a n a ly s i s  o f  v a r i a n c e .  This  S .E .  was e q u a l  t o  th e  
sq u a re  r o o t  o f  (2 ) (S 2 ) /5  o r  29.39 g/m2 . The r a t i o  o f  t h e  d i f f e r e n c e  
betw een t h e  means and t h i s  S .E . v a lu e  gave a t  v a lu e  o f  0 .9 9 ,  l e s s  t h a n  
th e  v a lu e  o f  2 .20 ( t w o - t a i l e d ,  5% l e v e l ,  11 d e g re e s  o f  freedom ) 
r e q u i r e d  f o r  s i g n i f i c a n c e .
The lo w es t  and h i g h e s t  means o cc u rre d  a t  i n c o r p o r a t e d  s t r a w  r a t e s
o f  0 and 6 .7  t / h a ,  r e s p e c t i v e l y .  The S .E .  o f  t h e  d i f f e r e n c e  betw een
9
t h e s e  two means was eq u a l  t o  t h e  s q u a r e  r o o t  o f  (S ) ( l / r i  +  l / r 2 ) ,
where r j  and r2  was th e  number o f  r e p l i c a t i o n s  f o r  each  o f  t h e  two
2
l e v e l s  o f  in c o rp o r a te d  s t r a w ,  and S , w i th  11 d e g re e s  o f  freedom, was th e  
e r r o r  mean sq u a re  from th e  a n a l y s i s  o f  v a r i a n c e .  The S .E .  o f  t h e  
d i f f e r e n c e  betw een th e s e  two means was e q u a l  t o  3 8 .8 8 .  D iv id in g  t h e  
d i f f e r e n c e  between th e  two means by th e  S .E . gave a t  v a lu e  o f  1 .77 ,  
a l s o  l e s s  th an  t h a t  r e q u i r e d  f o r  s i g n i f i c a n c e .  Using th e  above 
p ro c e d u re ,  ev e ry  p o s s i b l e  com bina tion  o f  d i f f e r e n c e s  be tw een  p a i r s  o f  
means were t e s t e d  and found t o  be i n s i g n i f i c a n t .
Lack o f  c o r r e l a t i o n  between s o i l  l o s s  and r a t e  o f  in c o r p o r a t e d
s t ra w  i s  i l l u s t r a t e d  g r a p h ic a l l y  i n  F ig u re  22. A l i n e a r  r e g r e s s i o n
o b ta in e d  by th e  method o f  l e a s t  s q u a re s  y i e l d e d  an  r  v a lu e  n e a r  z e ro  
and a s lo p e  c o e f f i c i e n t  f o r  which th e  n u l l  h y p o th e s i s  o f  z e ro  s lo p e  
co u ld  n o t  be r e j e c t e d  a t  th e  5% l e v e l .
















F ig u r e  22 .  S o i l  l o s s  (g/m ) p l o t t e d  v e r s u s  in c o rp o ra te d  s t r a y  ( t / h a )  
f o r  t h e  sum o f  d r y ,  y e t  and v e ry  u e t  ru n s .
DRY + WET + VERY WET RUNS
2 4 6 0
INCORPORATED STRAW ( t /h a )
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D ry, Wet and Very Wet Runs
S o l i  l o s s  v a lu e s  f o r  d r y ,  wet and v e ry  wet ru n s  f o r  each  r e p l i c a t i o n  
o f  each r a t e  o f  In c o rp o ra te d  s t ra w  a r e  g iv e n  I n  T ab le  25. 
Average v a lu e s  o f  s o i l  l o s s  f o r  each  r a t e  o f  In c o rp o ra te d  s t r a w  f o r  
e ach  ty p e  o f  ru n  a r e  p re s e n te d  I n  T ab le  27. Except f o r  d ry  r u n s ,  mean 
v a lu e s  o f  s o i l  l o s s e s  d id  n o t  change v e ry  much f o r  t h e  d i f f e r e n t  r a t e s  
o f  I n c o rp o ra te d  s t r a w .  Averages ran g ed  from  270 t o  356, 196 t o  233, 
and 300 t o  324 g/m f o r  th e  ran g e  o f  In c o rp o r a te d  s t r a w  r a t e s  I n  d r y ,  
w et and v e ry  wet r u n s ,  r e s p e c t i v e l y .  An a n a l y s i s  o f  v a r i a n c e  f o r  each  
ty p e  o f  run  (T ab le  28) i n d i c a t e s  t h a t  t h e  e f f e c t  o f  i n c o r p o r a t e d  
s t r a w  on s o i l  l o s s  was s i g n i f i c a n t  a t  t h e  5 % l e v e l  o n ly  i n  t h e  d ry  
r u n s ,  b u t  even  th e n  th e  F v a lu e  on ly  s l i g h t l y  exceeded  t h a t  r e q u i r e d  
f o r  s i g n i f i c a n c e .
Average s o i l  l o s s  v a lu e s  f o r  d ry  ru n s  were 270, 356, 305, 354 and
350 g/m f o r  in c o rp o ra te d  r a t e s  o f  0, 2 .2 ,  4 .5 ,  6 .7  and 9 t / h a ,
r e s p e c t i v e l y .  O bviously ,  ave rag e  s o i l  l o s s  v a lu e s  f o r  i n c o r p o r a t e d  
r a t e s  o f  2 .2 ,  6 .7 ,  and 9 t / h a  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  The 
r e a s o n  f o r  th e  s l ig h t ,  s i g n i f i c a n c e  i n d i c a t e d  i n  t h e  a n a l y s i s  o f
v a r i a n c e  f o r  t h e  e f f e c t  o f  in c o rp o r a te d  s t ra w  on s o i l  l o s s  had  t o  be 
cau sed  by e i t h e r  o r  b o th  o f  t h e  low er v a lu e s  o f  s o i l  l o s s  f o r  0 and 
4 .5  t / h a  r a t e s  o f  in c o rp o r a te d  s t r a w .
U sing  th e  e r r o r  mean sq u a re  from th e  a n a l y s i s  o f  v a r i a n c e  i n
fo rm u las  p r e v io u s ly  shown gave S . E. v a lu e s  o f  2 5 .4 8 ,  33 .71  and  4 0 .2 9  
g/ii£ f o r  d i f f e r e n c e s  in  means w i th  5 and 5, 5 and 2, and 2 and 2
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T ab le  27. Average s o i l  l o s s  v a lu e s  f o r  each  ty p e  o f  ru n  and each  
r a t e  o f  in c o rp o r a te d  s t r a w .
In c o rp o ra te d
Straw
( t / h a )
No.
Reps.





Very Wet Runs 
(g/m2)
0 5 270 233 311
2.2 2 356 214 300
4 .5 2 305 196 324
6 .7 2 354 226 302
9 .0 5 350 208 285
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T ab le s  28. A n a ly s is  o f  v a r i a n c e  f o r  s o i l  l o s s  
and v e ry  wet ru n s  f o r  I n c o rp o ra te d  
2 .2 ,  4 .5 ,  6 .7 ,  and 9 t / h a .
2
(g/m ) from  d r y ,  wet 
r a t e s  o f  s t r a w  o f  0,





o f  Square 
Squares
F F ( . 0 5 )
DRY RDNS
T o t a l 15 40224
In c .  Straw 4 22369 5592 3 .4 5  3 .3 6
E r r o r 11 17855 1623
WET RUNS
T o t a l 15 10504
In c .  S traw 4 2783 696 0 .9 9  3 .3 6
E r r o r 11 7721 702
VERY WET RUNS
T o ta l 15 16872
I n c .  Straw 4 2808 702 0 .5 5  3 .3 6
Er r o r 11 14064 1279
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r e p l i c a t i o n s ,  r e s p e c t i v e l y .  A t  v a lu e  ( t w o - t a i l e d ,  5% l e v e l ,  11
d e c re e s  o f  freedom ) o f  2 .201  t im e s  each  o f  t h e  above S .E . v a lu e s  gave
2
LSD v a lu e s  o f  56, 74 and 89 g/m f o r  comparing means w i th  5 and 5, 5 
and 2, and 2 and 2 r e p l i c a t i o n s ,  r e s p e c t i v e l y .
Use o f  t h e  LSD v a lu e s  I n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  between 
any o f  th e  means f o r  I n c o r p o r a t io n  r a t e s  o f  2 .2  th ro u g h  9 t / h a .  The 
mean v a lu e  o f  s o i l  l o s s  f o r  ze ro  t / h a  o f  i n c o r p o r a t e d  s t r a w  was 
s i g n i f i c a n t l y  d i f f e r e n t  from each o f  th e  means a t  2 .2 ,  6 .7  and 9 t / h a ,  
b u t  n o t  t h a t  a t  4 .5  t / h a .
F ig u r e s  23, 24 and 25 show th e  s o i l  l o s s  v a lu e s  f o r  e a ch  r a t e
o f  I n c o rp o ra te d  s t r a w  f o r  d r y ,  wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  
T here  was no c o r r e l a t i o n  between s o i l  l o s s  and i n c o r p o r a t e d  r a t e s  o f  
s t r a w  d u r in g  th e  wet and v e ry  wet ru n s .  T here ap p e a re d  t o  be no 
s i g n i f i c a n t  c o r r e l a t i o n  between s o i l  l o s s  and In c o r p o ra te d  s t ra w  In  d ry  
ru n s  when v a lu e s  a t  0 t / h a  o f  in c o rp o r a te d  s t r a w  were o m i t te d .  Even 
w i th  I n c lu s i o n  o f  th e  0 t / h a  r a t e  th e  s lo p e  o f  th e  l i n e a r  r e g r e s s i o n  
was only s l i g h t l y  s i g n i f i c a n t .  The t r e a tm e n t  sum o f  s q u a re s  was 
d iv id e d  i n t o  l i n e a r ,  q u a d r a t i c ,  c u b ic  and q u a r t i c  components. Only th e  
l i n e a r  component was s i g n i f i c a n t .  The l i n e a r  r e g r e s s i o n  was:
S .L . = 284.7 + 8 .0  INC. ST.
2
where s o i l  l o s s  ( S .L . )  was i n  g/m and i n c o r p o r a t e d  s t r a w  (INC. ST.)
2
was i n  t / h a .  The r  v a lu e  f o r  t h i s  e q u a t io n  was on ly  0 .3 5 .  The S .E .
2
o f  e s t im a te  was 43.1 g/m . The a n a l y s i s  o f  v a r ia n c e  f o r  th e  
r e g r e s s i o n  i s  p re s e n te d  i n  Table  29. The e s t im a te d  v a r ia n c e  o f
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2 4 6 8 10
INCORPORATED STRAW (t/ha)
F ig u re  23. S o i l  lo s e  (g/m2 ) p l o t t e d  v e r s u s  in c o rp o r a te d  s t r a w  ( t / h a )  
f o r  dry  ru n s .
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WET RUNS
200J- o c 8 1
2 4 6 8
INCORPORATED STRAW ( t /h a )
F ig u re  2 4 .  S o l i  l o s s  ( g /o 2 ) p l o t t e d  v e r s u s  in c o rp o r a te d  s t ra w  ( t / h a )  
f o r  wet ru n s .












F ig u re  2 5 .  S o l i  l o s s  (g/m2 ) p l o t t e d  v e r s u s  In c o rp o ra te d  s tra t*  ( t / h a )  
f o r  v e ry  u e t  r u n s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2 0
T a b le  29. A n a l y s i s  o f  v a r i a n c e  f o r  l i n e a r  r e g r e s s i o n  o f  s o i l  l o s s
(g /m  ) from  d r y  r u n s  f o r  I n c o r p o r a t e d  r a t e s  o f  s t r a w  o f
0 ,  2 . 2 ,  4 . 5 ,  6 .7  and  9 t / h a .









F F( .0 5 )
T o ta l 15 40224
I n c o rp o ra te d
Straw
4 22369 5592 3 .45 3 .3 6
L in e a r  Reg. 1 14253 14253 8 .78 4 .8 4
D e v ia t io n
from
L in e a r
3 8116 2705 1.67 3 .5 9
E r r o r 11 17855 1623
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a l l  t h e  s o i l  l o s s  sam ples d u r in g  d ry  ru n s  was 2682, which was on ly  
reduced  to  1855 w i th  l i n e a r  r e g r e s s i o n .  Only ab o u t  31% o f  th e  
v a r i a t i o n  i n  s o i l  l o s s  was a s s o c i a t e d  w i th  t h e  l i n e a r  r e g r e s s i o n  on 
in c o r p o r a t e d  s t r a w .
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E f f e c t s  o f  Com binations o f  S u r fa c e  S traw  and I n c o r p o ra te d  S traw  on 
Funoff
A 4 x 2 f a c t o r i a l  ex p e r im en t was u sed  t o  t e s t  t h e  e f f e c t s  o f  
co m bina tions  o f  s u r f a c e  s t r a w  and in c o r p o r a t e d  s t r a w  on r u n o f f .
In c o rp o ra te d  s t ra w  r a t e s  were 1, 3, 5 and 7 t / h a ,  w h i le  s u r f a c e  s t r a w
r a t e s  were 1 and 3 t / h a .  A randomized b lo c k  d e s ig n  was u sed  i n  which
each  o f  t h e  e i g h t  t r e a tm e n t  co m b in a tio n s  was in c lu d e d  once i n  each  o f  
t h r e e  b lo c k s .
T ab le  30 g iv e s  r u n o f f  v a lu e s  f o r  t h e  sum o f  d ry ,  wet and 
v e ry  wet ru n s  f o r  each  t r e a tm e n t  i n  each  b lo c k .  Average r u n o f f  was 
7 .9 9 ,  7 .8 5 ,  7 .84  and 8 .1 3  cm f o r  In c o rp o ra te d  s t r a w  r a t e s  o f  1, 3, 5 
and 7 t / h a ,  r e s p e c t i v e l y ,  w i th  a s u r f a c e  s t r a w  r a t e  o f  1 t / h a .  Average 
r u n o f f  was 7 .8 0 ,  7 .6 2 ,  7 .8 6  and 8 .0 8  cm, r e s p e c t i v e l y ,  f o r  t h e s e  same 
in c o r p o r a t e d  s t r a w  r a t e s  w i th  a s u r f a c e  s t r a w  r a t e  o f  3 t / h a .
T ab le  31 shows no s t a t i s t i c a l  s i g n i f i c a n c e  on r u n o f f  a t  t h e  5% l e v e l  
f o r  e i t h e r  t h e  e f f e c t s  o f  b lo c k in g ,  s u r f a c e  s t r a w  r a t e s ,  i n c o r p o r a t e d  
s t r a w  r a t e s  o r  t h e  i n t e r a c t i o n  o f  s u r f a c e  s t r a w  r a t e s  and i n c o r p o r a t e d  
s t r a w  r a t e s .  F ig u re s  26 and 27 a l s o  show th e  l a c k  o f  any r e l a t i o n s h i p  
betw een r u n o f f  and in c o rp o r a te d  s t r a w  f o r  s u r f a c e  l e v e l s  o f  1 and 3 
t / h a ,  r e s p e c t i v e l y .
T a b le s  32, 33 and 34 g iv e  r u n o f f  v a lu e s  f o r  each  o f  t h r e e  
r e p l i c a t i o n s  f o r  t h e  fo u r  l e v e l s  o f  i n c o r p o r a t e d  s t r a w  o v e r  two l e v e l s  
o f  s u r f a c e  s t r a w  f o r  d ry ,  wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  T ab le  
35 summarizes th e  av e rag e  r u n o f f  v a lu e s  f o r  each  ty p e  o f  ru n  and each
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T ab le  30. Runoff (cm) from th e  sum o f  d r y ,  w e t ,  and very  wet runs  
f o r  two r a t e s  o f  s u r f a c e  s t r a w  (1 ,  3 t / h a )  and fo u r  r a t e s  
o f  i n c o r p o r a t e d  s t r a w  (1 ,  3, 5, 7 t / h a ) .
S u rfa ce
Straw
( t / h a )
I n c o rp o ra te d  
St raw 










1 1 7 .7 0 8 .5 3 7 .75 7 .99
1 3 7.94 7 .81 7 .81 7 .85
1 5 7.70 7 .93 7 .9 0 7 .84
1 7 8 .1 3 8 .1 5 8 .11 8 .13
3 1 7 .4 5 8 .0 4 7 .92 7 .8 0
3 3 7 .71 7 .58 7 .5 8 7 .62
3 5 8.01 7 .87 7 .7 0 7 .86
3 7 8.07 8 .1 6 8 .01 8 .08
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 2 4
T able  31. A n a ly s is  o f  v a r ia n c e  f o r  r u n o f f  (cm) from  d r y ,  wet and 
v e ry  wet ru n s  w i th  s u r f a c e  s t r a w  a t  two l e v e l s  (1 ,  3 
t / h a )  and In c o rp o ra te d  s t r a w  a t  f o u r  l e v e l s  (1 ,  3, 5 and 
7 t / h a ) .









F * ( .0 5 )
T o ta l 23 1 .3025
Blocks 2 0.1466 0.0733 1.72 3 .7 4
S u rfa ce  S traw 1 0.0771 0.0771 1.81 4 .6 0
In c o rp o ra te d
Straw
3 0.4229 0.1410 3.32 3 .3 4
S u r .  x In c . 3 0.0606 0.0202 0 .4 8 3 .3 4
E r r o r 14 0.5953 0.0425
















SURFACE STRAW -  1 t/ha  
DRY + WET + VERY WET RUNS
J 1 i i i i i
2 4 6 8
INCORPORATED STRAW (t/ha)
F ig u r e  26 . Runoff (cm) p l o t t e d  v e r s u s  In c o rp o ra te d  s t raw  ( t / h a )  f o r  
th e  sum of d r y ,  wet and v ery  wet runs and w ith  s u r f a c e  
s t ra w  of I t / h a .
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SURFACE STRAW -  3 t/h a  
DRY + WET + VERY WET RUNS
Ol  I I i i i i i
0 2 4 6 8
INCORPORATED STRAW ( t /h a )
F ig u r e  27 . Runoff (cn) p l o t t e d  v e r s u s  in c o rp o r a te d  s t ra w  ( t / h a )  
f o r  th e  9ua o f  d r y ,  wet and very  v e t  runs and w ith  
s u r f a c e  s traw  o f  3 t / h a .
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T ab le  32. Runoff (cm) 
(1 ,  3 t / h a )  
5, 7 t / h a ) .
from dry  
and fo u r
ru n s  f o r  two r a t e s  o f  
r a t e s  o f  In c o r p o ra te d
s u r f a c e  s t r a w  
s t r a w  (1 ,  3,
S u rface In c o rp o ra te d Runoff
S traw Straw Rep 1 Rep 2 Rep 3 Average
( t / h a ) ( t / h a ) (cm) (cm) (cm) (cm)
1 1 2 .73 3 .5 6 2 .72 3 .0 0
1 3 2.89 2 .8 9 2 .7 8 2 .8 5
1 5 2 .80 2 .9 6 2 .81 2 .8 6
1 7 3 .0 8 3 .0 4 2 .8 6 2 .9 9
3 1 2 .44 2 .61 2 .5 2 2 .5 2
3 3 2 .39 2 .56 2 .5 2 2 .4 9
3 5 2.65 2 .73 2 .4 5 2 .6 1
3 7 2 .77 2 .7 9 2 .6 6 2 .7 4
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Table  33. Runoff (cm) 
(1 ,  3 t / h a )  
5, 7 t / h a ) .
from wet 
and fo u r
ru n s  f o r  two r a t e s  o f  
r a t e s  o f  i n c o r p o r a t e d
s u r f a c e  s t r a w  
s t r a w  (1 ,  3,
S u rface In c o rp o ra te d R unoff
Straw Straw Rep 1 Rep 2 Rep 3 Average
( t / h a ) ( t / h a ) (cm) (cm) (cm) (cm)
1 1 2.33 2 .29 2 .41 2 .3 4
1 3 2 .42 2 .33 2 .4 6 2 .4 0
1 5 2 .30 2 .41 2 .4 4 2 .38
1 7 2.38 2 .44 2 .55 2 .4 6
3 1 2.46 2 .67 2 .7 0 2 .6 1
3 3 2 .6 0 2 .4 6 2.49 2 .5 2
3 5 2.64 2 .5 3 2 .61 2 .5 9
3 7 2 .58 2 .6 2 2.65 2 .62
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T a b le  34. R unoff  (cm) from  v e r y  w e t  r u n s  f o r  two r a t e s  o f  s u r f a c e
s t r a w  (1 ,  3 t / h a )  and  f o u r  r a t e s  o f  I n c o r p o r a t e d  s t r a w
( 1 ,  3 ,  5, 7 t / h a ) .
S u rfa ce In c o rp o ra te d Runoff
S traw Straw Rep 1 Rep 2 Rep 3 Average
( t / h a ) ( t / h a ) (cm) (cm) (cm) (cm)
1 1 2 .64 2 .68 2 .6 2 2 .6 5
1 3 2.63 2 .59 2 .5 7 2 .6 0
1 5 2 .60 2 .56 2 .6 5 2 .60
1 7 2.67 2 .67 2 .7 0 2 .6 8
3 1 2 .55 2 .76 2 .7 0 2 .67
3 3 2.72 2 .56 2 .57 2 .6 2
3 5 2.72 2 .61 2 .6 4 2 .6 6
3 7 2.72 2 .75 2 .70 2 .72
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T a b le  35. A v e rag e  r u n o f f  (3 r e p l i c a t i o n s )  f ro m  d r y ,  w e t  and v e r y
w e t  r u n s  f o r  f o u r  r a t e s  o f  I n c o r p o r a t e d  s t r a w  o v e r  two
l e v e l s  o f  s u r f a c e  s t r a w .
S u rfa ce
S traw
( t / h a )  1 3
In c o rp o ra te d
S traw  ( t / h a ) 1 3 5 7 1 3 5 7
Average 
R unoff (cm)
Dry 3 .00 2 .85 2.86 2 .99 2 .52 2 .49 2.61 2 .74
Wet 2 .34 2 .40 2 .38 2.46 2 .61 2 .52 2 .59 2 .62
Very Wet 2 .65 2 .60 2 .60 2 .68 2 .67 2 .62 2.66 2 .72
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co m bina tion  o f  s u r f a c e  and In c o rp o ra te d  s t r a w .  The a v e ra g e  r u n o f f  f o r  
In c o rp o ra te d  r a t e s  o f  s t raw  from 1 and 7 t / h a  and w i th  a s u r f a c e  s t r a w  
r a t e  o f  1 t / h a  ranged  from 2 .8 5  t o  3 .0 0 ,  2 .3 4  to  2 .4 6 ,  and 2 .6 0  t o  2 .6 8  
cm f o r  d r y ,  wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .  Average r u n o f f  f o r  
th e s e  same r a t e s  o f  I n c o rp o ra te d  s t r a w  b u t  w i th  a s u r f a c e  a p p l i c a t i o n  
o f  3 t / h a  ranged  from 2 .4 9  to  2 .74 ,  2 .5 2  t o  2 .6 2 ,  and 2 .6 2  t o  2 .7 2  cm 
f o r  d r y ,  wet and v e ry  wet r u n s ,  r e s p e c t i v e l y .
An a n a l y s i s  o f  v a r ia n c e  f o r  t h e  d r y ,  w et and v e ry  wet ru n s  I s  
p r e s e n t e d  In  T ab les  36, 37 and 38, r e s p e c t i v e l y .  The
e f f e c t  o f  s u r f a c e  r a t e s  o f  s t ra w  on r u n o f f  was s i g n i f i c a n t  f o r  t h e  d ry  
and wet r u n s ,  b u t  I n s i g n i f i c a n t  f o r  t h e  v e r y  wet ru n s .  The e f f e c t  o f  
b lo c k in g  was s i g n i f i c a n t  on ly  f o r  d ry  ru n s ,  b u t  on ly  s l i g h t l y  
s i g n i f i c a n t .  The e f f e c t  o f  I n c o rp o ra te d  s t r a w  on r u n o f f  was 
I n s i g n i f i c a n t  f o r  each  type  o f  ru n .  I n t e r a c t i o n  e f f e c t s  betw een 
s u r f a c e  and In c o rp o ra te d  s t r a w  r a t e s  w ere  I n s i g n i f i c a n t  f o r  e a ch  ty p e  
o f  ru n .
S in c e  I n t e r a c t i o n  e f f e c t s  were I n s i g n i f i c a n t  and  m ain  e f f e c t s  o f  
i n c o r p o r a t e d  s t r a w  were i n s i g n i f i c a n t  f o r  e a ch  ty p e  o f  ru n ,  I t  would be 
ex p ec ted  t h a t  t h e  e f f e c t s  o f  in c o rp o r a te d  s t r a w  on r u n o f f  o v e r  each  
l e v e l  o f  s u r f a c e  s t r a w  would a l s o  be i n s i g n i f i c a n t  f o r  e a c h  ty p e  o f  
ru n .  Such was th e  c a s e  e x c ep t  f o r  d r y  r u n s .  The e f f e c t s  o f  
i n c o r p o r a t e d  s t ra w  on ru n o f f  was s l i g h t l y  s i g n i f i c a n t  (T a b le  
39) f o r  d ry  ru n s  w i th  a s u r f a c e  s t r a w  r a t e  o f  3 t / h a .
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T a b le  3 6 .  A n a l y s i s  o f  v a r i a n c e  f o r  r u n o f f  (cm) f ro m  d r y  r u n s  w i t h
s u r f a c e  s t r a w  a t  two l e v e l s  ( 1 ,  3 t / h a )  a n d  I n c o r p o r a t e d
s t r a w  a t  f o u r  l e v e l s  ( 1 ,  3 ,  5 , 7 t / h a ) .









F F(-0 5 )
T o ta l 23 1.4487
Blocks 2 0.2263 0.1132 4 .26 3 .7 4
S u r fa c e  S traw 1 0.6767 0.6767 25.44 4 .6 0
In  co rpo r a te d  
Straw
3 0.1194 0.0398 1 .50 3 .34
S u r .  x In c . 3 0.0544 0.0181 0 .68 3 .34
E r r o r 14 0.3719 0.0266
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T a b le  3 7 .  A n a l y s i s  o f  v a r i a n c e  f o r  r u n o f f  (cm) f ro m  w et r u n s  w i t h
s u r f a c e  s t r a w  a t  two l e v e l s  ( 1 ,  3 t / h a )  a n d  I n c o r p o r a t e d
s t r a w  a t  f o u r  l e v e l s  ( 1 ,  3 ,  5 ,  7 t / h a ) .









F f ( . 0 5 )
T o ta l 23 0 .3461
Blocks 2 0.0281 0 .0140 2 .86 3 .7 4
S u rfa ce  S traw 1 0.2109 0.2109 43 .04 4 .6 0
I n c o rp o r a te d  
St raw
3 0.0195 0.0065 1 .33 3 .3 4
Sur.  x In c . 3 0 .0195 0.0065 1 .33 3 .3 4
E r r o r 14 0.0681 0.0049
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T a b le  3 8 .  A n a l y s i s  o f  v a r i a n c e  f o r  r u n o f f  (cm) f ro m  v e r y  w e t  r u n s
w i t h  s u r f a c e  s t r a w  a t  two l e v e l s  ( 1 ,  3 t / h a )  and
i n c o r p o r a t e d  s t r a w  a t  f o u r  l e v e l s  ( 1 ,  3 ,  5 , 7 t / h a ) .









F F( .0 5 )
T o ta l 23 0.0942
B locks 2 0.0007 0.0004 0 .1 0 3 .7 4
S u r fa c e  S traw 1 0.0074 0.0074 1.90 4 .6 0
I n c o r p o ra te d
Straw
3 0.0301 0.0100 2.56 3 .3 4
S u r .  x In c . 3 0.0012 0.0004 0 .1 0 3 .3 4
E r r o r 14 0.0548 0.0039
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T a b le  39. A n a l y s i s  o f  v a r i a n c e  f o r  r u n o f f  (era) f ro m  d r y  r u n s  w i t h
s u r f a c e  s t r a w  a t  one  l e v e l  (3 t / h a )  and i n c o r p o r a t e d
s t r a w  a t  f o u r  l e v e l s  ( 1 ,  3 ,  5 , 7 t / h a ) .
A n a ly s is  o f  V a r ian ce
Source Degree 







F f ( .0 5 )
T o ta l 11 .1937
Blocks 2 .0413 .0206 3 .07 5 .1 4
I n c o rp o ra te d
Straw
3 .1120 .0373 5 .57 4 .7 6
L in e a r 1 .0889 .0889 13.27 5 .9 9
D e v ia t io n 2 .0231 .0116 1 .73 5 .14
E r r o r 6 .0404 .0067
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A l i n e a r  r e g r e s s i o n  o f  r u n o f f  a s  a f u n c t i o n  o f  i n c o r p o r a t e d  s t r a w  
f o r  d ry  ru n s  w i th  a s u r f a c e  s t raw  r a t e  o f  3 t / h a  was s i g n i f i c a n t  a t  t h e  
5% l e v e l ,  w i th  d e v i a t i o n s  from l i n e a r  r e g r e s s i o n  being  i n s i g n i f i c a n t .
The e q u a t io n  was:
R.O. = 2 .4 4  + 0 .0 4  INC. ST.
w ith  r u n o f f  (R .O .)  i n  cm and in c o r p o r a t e d  s t r a w  (INC. ST.) I n  t / h a .
2
The r  f o r  t h e  e q u a t io n  was on ly  0 .4 6 .  A lthough t h e  s lo p e  c o e f f i c i e n t  
was v e ry  low, a n u l l  h y p o th e s i s  o f  a s lo p e  e q u a l  to  z e ro  was r e j e c t e d  
by u se  o f  a  two t a i l e d  t  t e s t .  The 95% c o n f id e n c e  I n t e r v a l  f o r  the  
s lo p e  c o e f f i c i e n t  was 0 .01  to  0 .0 7 .  R e g a rd le s s  o f  s t a t i s t i c a l  
s i g n i f i c a n c e ,  th e  above s lo p e  f a c t o r  r e s u l t s  i n  o n ly  a v e ry  sm a l l  
In c r e a s e  I n  r u n o f f  f o r  t h e  ra n g es  o f  in c o r p o r a t e d  s t r a w  u s e d  i n  t h i s  
8 t u d y .
Mean v a lu e s  o f  r u n o f f  d u r in g  d ry  ru n s  f o r  a s u r f a c e  s t r a w  r a t e  o f  3 
t / h a  and f o r  in c o r p o r a t e d  s t r a w  r a t e s  o f  1, 3, 5 and 7 t / h a  were 2 .5 2 ,  
2 .4 9 ,  2 .61  and 2 .7 4  cm, r e s p e c t i v e l y .  The S .E .  o f  t h e  d i f f e r e n c e  
between means, t h e  sq u a re  r o o t  o f  (2S2 / 3 ) ,  was on ly  0 .067 , where S? i s  
eq u a l  to  t h e  e r r o r  mean sq u a re  i n  t h e  a n a l y s i s  o f  v a r i a n c e .  The LSD 
v a lu e  was o n ly  0 .16  cm, th u s  t h e  o n ly  s i g n i f i c a n t  d i f f e r e n c e s  betw een 
means were t h e  com parisons o f  1 v e r s u s  7 t / h a  and o f  3 v e r s u s  7 t / h a  o f  
In c o rp o ra te d  s t r a w .  For a l l  p r a c t i c a l  p u r p o s e s ,  t h e s e  r e s u l t s  do n o t  
p ro v id e  s u f f i c i e n t  ev id en ce  f o r  any e f f e c t  o f  i n c o r p o r a t e d  s t r a w  on 
r u n o f f  f o r  d ry  ru n s .  C e r t a in ly  t h e r e  was n o t  enough d i f f e r e n c e  from 
one I n c o rp o ra te d  s t r a w  r a t e  t o  a n o th e r  t o  c a u se  any  a p p r e c i a b l e  e f f e c t  
on s o i l  l o s s .
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F i g u r e s  28 th r o u g h  33 show r u n o f f  v e r s u s  I n c o r p o r a t e d  s t r a w  f o r
each  ty p e  o f  ru n  and f o r  each  o f  t h e  two l e v e l s  o f  s u r f a c e  s t r a w .
G ra p h ic a l  r e p r e s e n t a t i o n  o f  th e  d a t a  le n d s  v i s u a l  s u p p o r t  f o r  th e  
c o n c lu s io n  I n  t h i s  s tu d y  o f  no e f f e c t  o f  In c o r p o ra te d  s t r a w  on ru n o f f .
An un ex p ec ted  r e s u l t  o f  t h i s  s tu d y  was t h e  r e v e r s a l  I n  t r e n d s  
between d ry  and w et ru n s  f o r  t h e  e f f e c t  o f  s u r f a c e  s t r a w  on ru n o f f .  
Runoff d u r in g  d ry  ru n s  w i th  a s u r f a c e  r a t e  o f  3 t / h a  was ab o u t  12% l e s s  
th a n  w i th  s u r f a c e  s t r a w  r a t e s  o f  1 t / h a .  D uring wet ru n s  r u n o f f  was 8% 
h ig h e r  f o r  th e  3 t / h a  r a t e  o f  s u r f a c e  s t r a w  th a n  w i th  t h e  1 t / h a  r a t e .
T ab le  AO shows th e  av e rag e  s o i l  s u r f a c e  m o is tu r e  c o n te n t s  fo l lo w in g  
d r y ,  wet and v e r y  wet ru n s  f o r  t h e  f o u r  r a t e s  o f  i n c o r p o r a t e d  s t r a w
ov er  two l e v e l s  o f  s u r f a c e  s t r a w .  S o i l  s u r f a c e  m o is tu r e  c o n te n t s  were
n o t  a f f e c t e d  by i n c r e a s e s  i n  in c o rp o r a te d  r a t e s  o f  s t ra w  o v e r  e i t h e r  
th e  1 o r  3 t / h a  r a t e  o f  s u r f a c e  s t ra w ;  however, t h e  h i g h e r  s u r f a c e  
s t r a w  r a t e  g e n e r a l ly  r e s u l t e d  i n  s l i g h t  i n c r e a s e s  i n  s o i l  s u r f a c e  
m o is tu re  c o n te n t s  fo l lo w in g  ru n s .
R f f e c t s  o f  Com binations o f  S u r fa c e  S traw  and In c o rp o r a te d  S traw  on 
S o i l  Loss
A A x 2 f a c t o r i a l  ex p e r im en t  was u sed  t o  t e s t  th e  e f f e c t s  o f  
co m b in a tio n s  o f  s u r f a c e  s t r a w  and in c o r p o r a t e d  s t r a w  on s o i l  l o s s .  
I n c o rp o ra te d  s t r a w  r a t e s  were 1, 3, 5 and 7 t / h a ,  w h i le  s u r f a c e  s t raw  
r a t e s  were 1 and 3 t / h a .  A randomized b lo ck  d e s ig n  was used  i n  which 
each  o f  t h e  e i g h t  t r e a tm e n t  co m b in a tio n s  was in c lu d e d  once i n  each  o f
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F ig u re  28. Runoff (cm) p l o t t e d  v e rsu s  in c o rp o ra te d  s t r a w  ( t / h a )  f o r  
d ry  ru n s  and w i th  s u r fa c e  s traw  of 1 t / h a .









1 0 i  1-------- !--------1-------- r




J 1 I L
0 2 4 6 8
INCORPORATED STRAW (t/ha)
F ig u r e  2 9 .  Runoff (cm) p l o t t e d  v e r s u s  In c o rp o ra te d  s traw  ( t / h a )  f o r  
v e t  ru n s  and v l t h  s u r f a c e  s t r a w  o f  I  t / h a .









SURFACE STRAW -  1 t/h a  
VERY WET RUNS
INCORPORATED STRAW (t/ha)
F ig u r e  30 . Runoff (c a )  p l o t t e d  v e r s u s  i n c o r p o r a t e d  s t r a w  ( t / h a )  fo r  
v e ry  wet ru n s  and w ith  s u r f a c e  s t r a w  o f  1 t / h a .
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1 § 8o 0
2 <4 6 
INCORPORATED STRAW ( t /h a )
8
F ig u r e  3 1 .  Runoff (cm) p l o t t e d  v e r s u s  in c o rp o ra te d  s t r a w  ( t / h a )  f o r  
dry  ru n s  and w i th  s u r f a c e  s t ra w  o f  3 t / h a .












F ig u r e  32. Runoff (cm) p l o t t e d  v e rsu s  In c o rp o ra te d  s t ra w  ( t / h a )  fo r  
wet ru n s  and w i th  s u r fa c e  s t raw  o f  3 t / h a .
















F ig u re  33.
i 1--------1--------1--------1--------1-------- r
SURFACE STRAW = 3 t/ha  
VERY WET RUNS
§ 8 i
j i i i i i i I
2 4 6 6
INCORPORATED STRAW (t/ha)
Runoff (cm) p l o t t e d  v e r s u s  In c o r p o r a t e d  s t r a w  ( t / h a )  f o r  
v e ry  wet ru n s  and w ith  s u r f a c e  s t r a w  o f  3 t / h a .
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T a b le  40. A verage  s o i l  s u r f a c e  m o i s t u r e  c o n t e n t s  a f t e r  d r y ,  w et  and
v e r y  w e t  r u n s  f o r  v a r i o u s  r a t e s  o f  i n c o r p o r a t e d  s t r a w
w i t h  two r a t e s  o f  s u r f a c e  s t r a w .
AVERAGE SOIL SURFACE MOISTURE CONTENT
Surface S traw  o f 1 t / h a S u r fa c e S traw  o f  3 t / h a
In c o rp o ra te d  
S traw  
( t  /h a )
















A f te r  A f t e r  
We t  Ve ry We t  
Runs Runs 
% %
1 31 34 32 35 34 36
3 31 31 31 35 34 36
5 31 32 32 32 34 36
7 30 34 33 34 35 35
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t h r e e  b lo c k s .  Table  41 shows s o i l  l o s s  v a lu e s  f o r  t h e  sum o f  
d r y ,  w e t ,  and v e r y  wet ru n s  f o r  each  t r e a tm e n t  i n  each  b lo c k .
An a n a ly s i s  of v a r ia n c e  (T ab le  42) shows th e  e f f e c t  o f  
i n c o rp o r a te d  s t r a w  on s o i l  l o s s  from t h e  sum o f  d r y ,  w et and very  wet 
ru n s  was only s l i g h t l y  s i g n i f i c a n t  a t  t h e  5% l e v e l .  The e f f e c t  o f  
s u r f a c e  s t ra w  was h ig h ly  s i g n i f i c a n t .  T here  was no s i g n i f i c a n t  
i n t e r a c t i o n .  The e f f e c t  o f  b lo c k in g  ap p ro ach ed  b u t  f e l l  s h o r t  o f  
s i g n i f i c a n c e  a t  th e  5% l e v e l .
T ab le  42 s u b d iv id e s  th e  main e f f e c t s  o f  in c o r p o r a t e d  
s t r a w  i n t o  l i n e a r ,  q u a d r a t i c  and c u b ic  com ponents .  The q u a d r a t i c  
component was s l i g h t l y  s i g n i f i c a n t .  T ab le  43 shows an
a n a l y s i s  o f  v a r ia n c e  i n  which t h e  s ev e n  d e g re e s  o f  freedom  f o r  t h e  
e f f e c t  o f  t r e a tm e n ts  were d iv id e d  i n t o  s ev e n  d i f f e r e n t  co n p o n e n ts ,  each  
w i th  one d eg ree  o f  freedom. These in c lu d e d  l i n e a r ,  q u a d r a t i c ,  and 
cu b ic  components f o r  in c o rp o r a te d  s t r a w  f o r  e a ch  o f  t h e  two l e v e l s  o f  
s u r f a c e  s t r a w ,  and one component f o r  t h e  e f f e c t  o f  s u r f a c e  s t r a w .  None 
o f  th e  components f o r  i n c o r p o r a t e d  s t r a w  w ere  s i g n i f i c a n t  when th e  
s u r f a c e  r a t e  was 3 t / h a ,  b u t  t h e  l i n e a r  and q u a d r a t i c  components f o r  
i n c o r p o r a t e d  s t ra w  were s i g n i f i c a n t  f o r  t h e  s u r f a c e  r a t e  o f  1 t / h a .
Mean v a lu e s  o f  s o i l  l o s s  from p l o t s  w i t h  1 t / h a  o f  s u r f a c e  s t r a w  
were 579, 512, 548 and 649 g/m f o r  i n c o r p o r a t e d  r a t e s  o f  1, 3, 5 and 
7 t / h a .  Mean v a lu e s  d e c re a se d  t o  293, 281, 281 and 302 g/m2 ,
r e s p e c t i v e l y ,  w i th  a s u r f a c e  s t ra w  a p p l i c a t i o n  o f  3 t / h a .  The s t a n d a r d  
e r r o r  ( S .E . )  o f  each  mean and th e  S .E .  o f  t h e  d i f f e r e n c e  betw een  two
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T a b le  4 1 .  S o i l  l o s s e s  (g /m  ) from  t h e  sum o f  d r y ,  w e t  an d  v e r y  w e t
r u n s  f o r  two r a t e s  o f  s u r f a c e  s t r a w  ( 1 , 3  t / h a )  a n d  f o u r
r a t e s  o f  i n c o r p o r a t e d  s t r a w  ( 1 ,  3 ,  5 , 7 t / h a ) .
S u rface
Straw
( t / h a )
In c o rp o ra te d  
St raw 




S o i l  Loss (g/m  )
Rep £ Rep ^  
(g/m ) (g/m )
Average 
(g/m )
1 1 553 565 620 579.3
1 3 479 543 515 512.3
1 5 484 509 652 548.3
1 7 587 675 684 648.7
3 1 285 307 286 292.7
3 3 308 275 259 280.7
3 5 258 272 313 281.0
3 7 307 249 350 302.0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 4 7
2
T ab le  42. A n a ly s is  o f  v a r ia n c e  f o r  s o l i  l o s s  (g/m ) from  t h e  sum o f  
d r y ,  wet and v e ry  wet ru n s  w i th  two r a t e s  o f  s u r f a c e  
s t r a w  (1 , 3 t / h a )  and f o u r  r a t e s  o f  I n c o r p o r a t e d  s t r a w  
(1 ,  3, 4, 7 t / h a ) .









F F(-0 5 )
T o ta l 23 547038
Blocks 2 11389 5694 3 .36 3 .7 4
S u rface 1 480817 480817 283.67 4 .6 0
In c o rp o ra te d 3 20681 6894 4 .07 3 .34
L in e a r 1 5562 5562 3 .28 4 .6 0
Q u a d ra t ic 1 15050 15050 8 .8 8 4 .6 0
Cubic 1 69 69 0 .0 4 4 .6 0
S ur.  x In c . 3 10421 3474 2 .0 5 3 .3 4
E r r o r 14 23730 1695
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T a b le  43 . A n a l y s i s  o f  v a r i a n c e  f o r  s o i l  l o s s  (g /m  ) f ro m  t h e  sum o f
d r y ,  wet and v e ry  w et r u n s  show ing  e f f e c t s  o f
I n c o r p o r a t e d  s t r a w  a t  f o u r  l e v e l s  ( 1 ,  3 , 5 ,  7 t / h a )
d iv id e d  i n t o  l i n e a r ,  q u a d r a t i c  and c u b ic  components f o r  
each  l e v e l  o f  s u r f a c e  s t r a w  (1 ,  3 t / h a ) .
A n a ly s is  o f  V arian ce
Source Degree Sum Mean F
o f  o f  Square
Freedom Squares
T o ta l 23 547037.6
Blocks 2 11389.0 5694 3 .36 3 .74
T rea tm en ts 7 511919.6 73131 43 .15 2 .7 7
In c .  L f o r SI a / 1 8930.4 8930 5 .27 4 .6 0
In c .  Q f o r SI 1 21000.3 21000 12.39 4 .6 0
In c .  C f o r SI 1 224.3 224 0 .1 3 4 .6 0
I n c .  L f o r S3 1 120.4 120 0 .07 4 .6 0
I r e .  0 f o r S3 1 816.8 817 0 .4 8 4 .6 0
In c .  C f o r S3 1 10.4 10 0 .0 1 4 .6 0
S u rfa ce 1 480817.0 480817 283.67 4 .6 0
E r r o r 14 23729.0 1695
a j  INC = In c o rp o ra te d  s t r a w  
L = l i n e a r
0 = q u a d r a t i c
C = c u b ic
SI = s u r f a c e  s t r a w  a t  l e v e l  o f  1 t / h a
S3 ■ s u r f a c e  s t ra w  a t  l e v e l  o f  3 t / h a
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means was 23.8  and 33 .6  g/m , r e s p e c t i v e l y .  These S .E .  v a lu e s  were 
computed u s in g  th e  e r r o r  mean s q u a re  from  t h e  a n a l y s i s  o f  v a r i a n c e  as  
th e  v a r ia n c e  p e r  i n d i v i d u a l  p l o t .  The 5% l e v e l  o f  t  ( t w o - t a i l e d  w i th  
14 d eg ree s  o f  freedom) t im e s  th e  S .E .  o f  t h e  d i f f e r e n c e  betw een  two 
means gave a l e a s t  s i g n i f i c a n t  d i f f e r e n c e  o f  72.1 g/m .
Although th e  a n a l y s i s  o f  v a r i a n c e  shows s l i g h t  s i g n i f i c a n c e  a t  the 
5% l e v e l  f o r  t h e  e f f e c t  o f  in c o r p o r a t e d  s t r a w  on s o i l  l o s s ,  ex a m in a tio n  
o f  t h e  means o v e r  b o th  l e v e l s  o f  s u r f a c e  s t r a w  and v i s u a l  i n s p e c t i o n  o f  
th e  p l o t t e d  d a t a  do n o t  g iv e  much s u p p o r t  f o r  s i g n i f i c a n c e .
None o f  t h e  means f o r  1, 3, 5 and 7 t / h a  o f  i n c o r p o r a t e d  s t r a w  were 
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  f o r  t h e  3 t / h a  s u r f a c e  s t ra w  
r a t e .  None o f  t h e  means f o r  1, 3 and 5 t / h a  were s i g n i f i c a n t l y
d i f f e r e n t  f o r  a 1 t / h a  s u r f a c e  s t ra w  r a t e ;  however, t h e  mean v a lu e  o f  
s o i l  l o s s  f o r  7 t / h a  o f  i n c o r p o r a t e d  s t ra w  was s i g n i f i c a n t l y  d i f f e r e n t  
from t h a t  a t  3 t / h a  and a l s o  t h a t  a t  5 t / h a .
F ig u r e  34 shows no ev id en c e  o f  any e f f e c t  o f  i n c o r p o r a t e d  s t r a w  
f o r  a s u r f a c e  r a t e  o f  3 t / h a .  F ig u re  35 shows s o i l  l o s s  v a lu e s  f o r  
t h e  d i f f e r e n t  r a t e s  o f  in c o rp o r a te d  s t r a w  w i th  a s u r f a c e  s t ra w  r a t e  o f
n
1 t / h a .  A 2 'n d  d eg ree  p o lynom ia l  w i th  s o i l  l o s s  ( S .L . )  i n  g/m and 
in c o r p o r a t e d  s t ra w  (INC. ST.) i n  t / h a :
S .L . = 638.4 -  71 .5  INC. ST. + 10.5 (INC. ST .)2
was s l i g h t l y  s i g n i f i c a n t  a t  th e  5% l e v e l  (T ab le  4 4 ) .  A low
2
r  o f  0 .5 3  i n d i c a t e s  a poor f i t  f o r  t h e  e q u a t io n .  S o i l  l o s s  p r e d ic t e d










i  i i 1------ 1------ 1------ 1------ 1------ r
SURFACE STRAW = 3 t/ha  
DRY 4- WET 4- VERY WET FUNS
o
O o o o
a 8
-1-------- 1-------- 1_____ 1_____ I_____ I I
0 2 4 6 8 10
INCORPORATED STRAW (t/ha)
F ig u re  3 4 .  S o i l  lo s s  ( g / a 2 ) p l o t t e d  v e rsu s  In c o rp o ra te d  s t ra w  ( t / h a )  
f o r  th e  sum o f  d r y ,  wet and very  wet runs  and w i th  
s u r f a c e  s traw  o f  3 t / h a .












i  i i 1-------1-------1-------1-------r








DRY + WET + VERY WET FUNS
J L 1-------- 1-------- 1---------j_____ i_____ i_____ l
0 2 4 6 8 10
INCORPORATED STRAW (t/ha)
F ig u r e  35. S o l i  lo s s  (g/m2 ) p l o t t e d  v e r s u s  In c o rp o ra te d  s t r a w  ( t / h a )  
f o r  th e  sum o f  d r y ,  wet and very  wet runs  and w ith  
s u r f a c e  s t ra w  o f  t  t / h a .
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Table  44. A n a ly s is  £>f v a r i a n c e  f o r  a q u a d r a t i c  r e g r e s s i o n  o f  s o i l  
l o s s  (g/m ) from th e  sum o f  d r y ,  w et and v e r y  wet ru n s  a s  
a f u n c t io n  o f  In c o rp o ra te d  s t r a w  r a t e s  ( t / h a )  w i t h  a 
s u r f a c e  s t r a w  r a t e  o f  one t / h a .









F * ( .0 5 )
T o ta l 11 56944
Q u a d ra t ic
R e g re s s io n
2 29930 14965 4 .99 4 .2 6
E r r o r 9 27014 3002
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by th e  e q u a t io n  d e c re a s e s  from 577 gm/m a t  1 t / h a  t o  a minimum o f  517
2 2 
g/m a t  3 .4  t / h a  and th e n  in c r e a s e d  up t o  652 g/m a t  7 t / h a  of
in c o rp o r a te d  s t r a w .  Although th e  q u a d r a t i c  r e l a t i o n s h i p  p ro v id ed  a
s t a t i s t i c a l l y  s i g n i f i c a n t  f i t  t o  t h e  d a t a ,  t h e r e  i s  no p h y s i c a l  b a s i s
f o r  t h i s  concave ty p e  o f  r e l a t i o n s h i p .  F u rth erm o re ,  a s  p re v io u s ly
s t a t e d ,  none o f  th e  means a t  1, 3, and 5 t / h a  w ere  s i g n i f i c a n t l y
d i f f e r e n t ,  n o r  was t h e  mean a t  1 t / h a  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t
a t  7 t / h a .
The t h r e e  sam ples  o b ta in e d  a t  each  l e v e l  o f  in c o r p o r a t e d  s t ra w  o v er  
one l e v e l  o f  s u r f a c e  s t r a w  were p robab ly  random samples from 
p o p u la t io n s  w i th  means which were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  In 
f a c t ,  co m b in a t io n s  o f  a l l  sam ples from 1 th rough  7 t / h a  o f  in c o rp o r a te d  
s t r a w  f o r  ea ch  l e v e l  o f  s u r f a c e  s t ra w  p ro v id e d  a ra n g e  o f  s o i l  l o s s  
v a lu e s  f o r  which an h y p o th e s i s  o f  a normal d i s t r i b u t i o n  co u ld  n o t  be 
r e j e c t e d ,  even  a t  th e  0.5% l e v e l .
A r e a s o n a b le  c o n c lu s io n  i s  t h a t  a c a s e  h a s  n o t  b een  made i n  t h i s  
s tu d y  f o r  any a p p r e c i a b l e  e f f e c t  o f  in c o r p o r a t e d  s t r a w  on s o i l  l o s s  
from th e  sum o f  d r y ,  wet and v e ry  wet r u n s .
Dry, Wet and Very Wet Runs
T ab le s  45, 46 and 47 g iv e  s o i l  l o s s  v a lu e s  f o r  each  of
t h r e e  r e p l i c a t i o n s  f o r  fo u r  l e v e l s  o f  in c o r p o r a t e d  s t r a w  (1 ,  3, 5 and 7 
t / h a )  o v e r  two l e v e l s  o f  s u r f a c e  s t r a w  (1 and 3 t / h a )  f o r  d ry ,  vret and 
v e ry  wet r u n s ,  r e s p e c t i v e l y .  An a n a l y s i s  o f  v a r ia n c e  ( 4 x 2  f a c t o r i a l
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T a b le  45 . S o i l  l o s s  (g /m  ) f ro m  d r y  r u n s  f o r  two r a t e s  o f  s u r f a c e
s t r a w  ( 1 ,  3 t / h a )  an d  f o u r  r a t e s  o f  I n c o r p o r a t e d  s t r a w
( 1 ,  3 , 5 ,  7 t / h a ) .
S u rface
Straw
( t / h a )
In c o rp o ra te d
Straw
( t / h a )
Rep 1  
(g/m )







1 1 223 254 193 223
1 3 196 219 181 198
1 5 178 212 242 211
1 7 253 272 243 256
3 1 140 120 100 120
3 3 123 130 106 120
3 5 80 122 134 112
3 7 133 101 135 123
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T a b le  46. S o l i  l o s s  (g /m  ) f rom  w et r u n s  f o r  two r a t e s  o f  s u r f a c e
s t r a w  ( 1 ,  3 t / h a )  and  f o u r  r a t e s  o f  I n c o r p o r a t e d  s t r a w
( 1 ,  3 ,  5 ,  7 t / h a ) .
S u rface In c o rp o ra te d S o i l  Loss (Wet Runs)
Straw St raw Rep 1 Rep 2 Rep 3 Average
( t / h a ) ( t / h a ) (g/m2 ) (g/m2 ) (g/m2 ) (g/m2 )
1 1 163 145 207 172
1 3 149 162 175 162
1 5 151 157 197 168
1 7 157 199 243 200
3 1 78 105 105 96
3 3 101 73 85 86
3 5 106 78 98 94
3 7 88 73 130 97
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T a b le  4 7 .  S o i l  l o s s  (g /m  ) from v e r y  w et r u n s  f o r  two r a t e s  o f
s u r f a c e  s t r a w  ( 1 ,  3 t / h a )  and  f o u r  r a t e s  o f  I n c o r p o r a t e d
s t r a w  ( 1 ,  3 , 5 ,  7 t / h a ) .
S u r fa ce I n c o r p o r a t e d S o i l  Loss  (Very Wet Runs)
Straw St raw Rep 1 Rep 2 Rep 3 Average
( t / h a ) ( t / h a ) (g/m2 ) (g/m2 ) (g/m2 ) (g/m2 )
1 1 167 166 220 184
1 3 137 162 159 153
1 5 155 140 213 169
1 7 177 204 198 193
3 1 67 82 81 77
3 3 84 72 68 75
3 5 72 72 81 75
3 7 86 75 85 82
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d e s ig n )  f o r  s o i l  l o s s  from  e a c h  o f  t h e  d r y ,  w e t  a n d  v e r y  w e t r u n s  I s
p r e s e n t e d  In  T ab le s  48, 49 and 50,  r e s p e c t i v e l y .
E f f e c t s  o f  I n c o r p o r a t e d  s t r a w  and o f  t h e  I n t e r a c t i o n  o f  s u r f a c e  and 
I n c o r p o ra t e d  s t r a w  were I n s i g n i f i c a n t  f o r  e ach  ty p e  o f  run.  The 
e f f e c t  o f  s u r f a c e  s t r a w  was s i g n i f i c a n t  f o r  each type  o f  run.  The
e f f e c t  o f  b l o c k i n g  was s i g n i f i c a n t  o n ly  f o r  wet  ru ns  and t h e n  only
s l i g h t l y  s i g n i f i c a n t .  S o i l  l o s s  v a l u e s  i n  t h e  t h i r d  b lo ck  o f  wet ru ns  
were s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  f i r s t  two b l o c k s .
T ab le  51 shows t h e  a v e rag e  s o i l  l o s s  f o r  e ach  t y p e  o f  ru n  f o r  each
combina t ion o f  s u r f a c e  and i n c o r p o r a t e d  s t r a w ,  a l o n g  w i t h  S .E .  of
means, S.E.  o f  t h e  d i f f e r e n c e  between means and LSD v a l u e s .  Ranges o f
av e ra ge  s o i l  l o s s  v a l u e s  f o r  t h e  f o u r  i n c o r p o r a t e d  r a t e s  o f  strax* w i t h
a r a t e  o f  3 t / h a  o f  s u r f a c e  s t r a w  were  on ly  112 t o  123, 86 t o  97, and
£
75 to  82 g/ra f o r  d r y ,  wet and v e r y  wet r u n s ,  r e s p e c t i v e l y .  
Obv ious ly ,  t h e r e  was no e f f e c t  o f  i n c o r p o r a t e d  s t r a w  on s o i l  l o s s  w i t h  
a s u r f a c e  r a t e  o f  3 t / h a .
I n s i g n i f i c a n t  e f f e c t s  o f  i n c o r p o r a t e d  s t r a w  w i t h  a  s u r f a c e  r a t e  of  
1 t / h a  were n o t  a s  obv io u s .  In  t h i s  c a s e ,  a v e r a g e  s o i l  l o s s  v a l u e s  
ranged from 198 t o  256, 162 t o  200, and 153 t o  193 g/m2 f o r  d r y ,  wet  
and very  xret r u n s ,  r e s p e c t i v e l y .  O m i t t i ng  t h e  7 t / h a  r a t e  o f  
i n c o r p o r a t e d  s t r a w  re d u ces  t h e s e  r a n g e s  t o  198 t o  223, 162 t o  172, and 
153 t o  184 g/m , r e s p e c t i v e l y .  According  t o  LSD t e s t s  a t  t h e  5% 
l e v e l ,  ave ra ge  s o i l  l o s s  f o r  t h e  7 t / h a  r a t e  o f  i n c o r p o r a t e d  s t r a w  a t  a 
l e v e l  o f  1 t / h a  o f  s u r f a c e  s t r a w  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  3
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T a b le  4 8 .  A n a l y s i s  o f  v a r i a n c e  f o r  s o i l  l o s s  (g /m  ) f ro m  d r y  r u n s
f o r  s u r f a c e  s t r a w  r a t e s  o f  1 and  3 t / h a  a n d  I n c o r p o r a t e d
s t r a w  r a t e s  o f  1 ,  3 ,  5 , an d  7 t / h a .









F F ( .0 5 )
T o t a l 23 78337
Blocks 2 866 433 0 .79 3.74
S u r f a c e  St raw 1 63963 63963 116.72 4 .6 0
I n c o r p o r a t e d  
Straw
3 3517 1172 2.14 3.34
Sur .  x I n c . 3 2315 772 1.41 3.34
E r r o r 14 7676 548
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T a b le  49. A n a l y s i s  o f  v a r i a n c e  f o r  s o i l  l o s s  (g /m  ) f ro m  w e t  ru n s
f o r  s u r f a c e  s t r a w  r a t e s  o f  1 an d  3 t / h a  an d  i n c o r p o r a t e d
s t r a w  r a t e s  o f  1, 3 ,  5 ,  and  7 t / h a .






Sq ua re s
Mean
Square
F * ( . 0 5 )
T o t a l 23 53498
Blocks 2 5105 2552 6.79 3.74
S u r fa ce  Straw 1 40426 40426 107.52 4 .6 0
I n c o r p o r a t e d  
Straw
3 1858 619 1.65 3.34
Sur .  x In c . 3 849 283 0.75 3 .3 4
Er r o r 14 5260 376
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T a b le  50. A n a l y s i s  o f  v a r i a n c e  f o r  s o i l  l o s s  (g /m  ) f ro m  v e r y  w et
r u n s  f o r  s u r f a c e  s t r a w  r a t e s  o f  1 a n d  3 t / h a  and
i n c o r p o r a t e d  s t r a w  r a t e s  o f  1 , 3 ,  5 , a n d  7 t / h a .









F f ( . 0  5)
T o t a l 23 66323
Blocks 2 1825 912 3.01 3 .7 4
S u r f a c e  St raw 1 57330 57330 189.21 4 .6 0
I n c o r p o r a t e d
Straw
3 1916 639 2.11 3.34
Sur .  x Inc . 3 1013 338 1.12 3 .34
E r r o r 14 4238 303
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T a b le  51. A verage  s o i l  l o s s  (3 r e p l i c a t i o n s )  f ro m  d r y ,  w e t  and  v e r y
w e t  r u n s  f o r  f o u r  r a t e s  o f  i n c o r p o r a t e d  s t r a w  o v e r  two
l e v e l s  o f  s u r f a c e  s t r a w .
Su r fa ce
Straw
( t / h a ) 1 3
In c o r p o r a t e d  
Straw ( t / h a ) 1 3 5 7 1 3 5 7
Average — 
S o i l  2 
Loss  (g/m )
Dry 223 198 211 256 120 120 112 123
Wet 172 162 168 200 96 86 94 97
Very Wet 184 153 169 193 77 75 75 82
2
(a )  S tanda rd  e r r o r s  o f  means were 13 .5 ,  11 .2 ,  and 10 .0  g/m f o r  d r y ,  
wet and ve ry  wet  r u n s ,  r e s p e c t i v e l y .
S ta n d a r d  e r r o r s  o f  t h e  d i f f e r e n c e  between two means were 19.1 ,  
1 5 . 8 ,  and 14.2  g/m f o r  d r y ,  wet  and v e r y  wet  r u n s ,  r e s p e c t i v e l y .
L e a s t  s i g n i f i c a n t  d i f f e r e n c e s  between means were  4 1 .0 ,  3 4 .0 ,  and 
30 .5  g/m f o r  d r y ,  wet  and ver y  wet r u n s ,  r e s p e c t i v e l y ,  a t  t h e  5% 
l e v e l  o f  s i g n i f i c a n c e .
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and 5, 3, and 3 t / h a  I n c o r p o r a t e d  r a t e s  I n  t h e  d r y ,  we t  and v e r y  wet  
r u n s ,  r e s p e c t i v e l y .
S o i l  l o s s  v e r s u s  i n c o r p o r a t e d  r a t e s  o f  s t r a w  f o r  e ach  t y p e  o f  r u n  
and f o r  each  l e v e l  o f  s u r f a c e  s t r a w  a r e  shown I n  F i g u r e s  36 th ro u g h  41.
In  g e n e r a l ,  t h e r e  was no r e l a t i o n s h i p  between r a t e s  o f  I n c o r p o r a t e d  
s t r aw  and s o i l  l o s s  f o r  e i t h e r  l e v e l  o f  s u r f a c e  s t r a w .  A s t a t i s t i c a l l y  
s i g n i f i c a n t  f i t  was o b t a i n e d  f o r  t h e  d ry  ru n s  f o r  a s u r f a c e  s t r a w  r a t e  
o f  1 t / h a  a s  fo l l o w s :
S.L .  = 248.5 -  30 .0  (INC. ST.) + 4 .4  (INC. ST .)2
2
where s o i l  l o s s  ( S . L . )  I s  I n  g / m  and I n c o r p o r a t e d  s t r a w  (INC. ST.)
2
I s  I n  t / h a .  The r  was only  0 .52 .  The a n a l y s i s  o f  v a r i a n c e  f o r  t h i s  
r e g r e s s i o n  e q u a t i o n  (Table  52) shows t h a t  t h e  f i t  was only
s l i g h t l y  s i g n f i c a n t  a t  t h e  5% l e v e l .  The e q u a t i o n  d oes  n o t  d e s c r i b e  
any p h y s i c a l  e f f e c t  on s o i l  l o s s  due t o  i n c o r p o r a t e d  s t r a w .
R e s u l t s  from t h i s  s tudy i n d i c a t e  t h a t  v a r y i n g  r a t e s  o f  i n c o r p o r a t e d  
s t r a w  had no e f f e c t  on s o i l  l o s s  from e i t h e r  d r y ,  wet  o r  v e r y  wet r u n s .
A s l i g h t l y  s i g n i f i c a n t  r e g r e s s i o n ,  which had no p h y s i c a l  b a s i s ,  was 
found f o r  s o i l  l o s s  a s  a f u n c t i o n  o f  i n c o r p o r a t e d  s t r a w  w i t h  a s u r f a c e  
s t r a w  r a t e  o f  1 t / h a  d u r in g  d ry  r u n s .  However, no s i g n i f i c a n t  
r e g r e s s i o n  was o b t a i n e d  f o r  d r y  ru n s  w i t h  a s u r f a c e  r a t e  o f  3 t / h a ,  and 
no s i g n i f i c a n t  r e g r e s s i o n s  were found f o r  wet  o r  v e r y  we t  ru n s  over  
e i t h e r  l e v e l  o f  s u r f a c e  s t r a w .











F i g u r e  36 .  S o i l  l o s e  (g/m*) p l o t t e d  v e r s u s  I n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  d ry  runs  and w i t h  s u r f a c e  s t r a w  1 t / h a .
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F ig u r e  3 7 .  Soi l  l o s s  (g /m2 ) p l o t t e d  v e r sus  I n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  wet r u n s  and w i t h  s u r f a c e  s t r a w  1 t / h a .
i !------1------1------1------1------1------1------ r
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F i g u r e  38 .  S o l i  l o s s  ( g / n 2 ) p l o t t e d  v e r s u s  I n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  v e r y  wet runs  and w i t h  s u r f a c e  s t r aw  o f  1 t / h a .
T !------ 1-------1-------S------- r
SURFACE STRAW -  i  t/h a  
VERY WET RUNS
INCORPORATED STRAW ( t /h a )
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F i g u r e  39 .  S o i l  l o s s  ( g / m 2 )  p l o t t e d  v e r s u s  i n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  dry  runs  and w i th  s u r f a c e  s t r a w  of  3 t / h a .















SURFACE STRAW = 3 t/h a  
WET RUNS
1 I  8
o a 0
8 » » I I I
2 4 6 8
INCORPORATED STRAW (t/ha)
F i g u r e  40 .  S o l i  l o s s  (g/tn2 ) p l o t t e d  v e r s u s  i n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  wet runs  and w i t h  s u r f a c e  s t r aw  of  3 t / h a .










SURFACE STRAW « 3 t/h a  
VERY WET RUNS
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INCORPORATED STRAW (t/ha)
F ig u r e  41.  S o i l  l o s s  (g/m2 ) p l o t t e d  v e r s u s  i n c o r p o r a t e d  s t r a w  ( t / h a )  
f o r  v e r y  wet r u n s  and w i th  s u r f a c e  s t r aw  o f  3 t / h a .
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T a b le  52 . A n a l y s i s  £ f  v a r i a n c e  f o r  a q u a d r a t i c  r e g r e s s i o n  o f  s o i l
l o s s  (g /m  ) f ro m  d r y  r u n s  a s  a  f u n c t i o n  o f  I n c o r p o r a t e d
s t r a w  r a t e s  ( t / h a )  w i t h  a  s u r f a c e  r a t e  o f  o ne  t / h a .









F * ( . 0 5 )
T o t a l 11 10735
Q u a d r a t i c 2 5629 2814 4 .9 6 4 .2 6
R eg re s s io n
E r r o r 9 5106 567
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SIM MARY
The e r o s i o n  p r o c e s s  b e g i n s  when r a i n d r o p s  s t r i k e  t h e  s o i l  s u r f a c e .  
Raindrops  d i s l o d g e  s o i l  p a r t i c l e s  and r u n o f f  e n t r a i n s  and t r a n s p o r t s  
t h e  d e tached  s o i l  m a t e r i a l .  E r o s i o n  o f  fa rm la nd i s  r e duced  t h e  most  by 
c r opp in g  sys tems t h a t  minimize s o i l  d i s t u r b a n c e  a t  p l a n t i n g  and d u r i n g  
t h e  e a r l y  growing sea s o n  o f  c r o p s  w h i l e  a l s o  m a i n t a i n i n g  maximum l e v e l s  
o f  s u r f a c e  co v e r  th ro u g h o u t  t h e  y e a r .  S u r f a c e  c o v e r  c a n  be p ro v id ed  by 
crop  canopy and by crop r e s i d u e s .  N o - t i l l  f a rm ing ,  however,  i s  n o t  
f e a s i b l e  eve rywhere .  Answers a r e  needed co n c e rn in g  t h e  e r o s i o n  c o n t r o l  
b e n e f i t s  o f  p a r t i a l l y  and f u l l y  i n c o r p o r a t i n g  v a r i o u s  r a t e s  o f  c r o p  
r e s i d u e s  i n t o  t h e  s o i l .
Th i s  s tudy was conduc ted  t o  d e t e r m in e  t h e  e f f e c t s  o f  i n t e r r i l l  
e r o s i o n  and r u n o f f  on a  Grenada s i l t  loam s o i l  f o r :  (1)  v a r i o u s  r a t e s  
o f  s u r f a c e  s t r a w ,  (2) v a r i o u s  r a t e s  o f  i n c o r p o r a t e d  s t r a w ,  and (3)  
v a r i o u s  r a t e s  o f  i n c o r p o r a t e d  s t r a w  o v e r  two l e v e l s  o f  s u r f a c e  s t r a w .  
The p ro cedure  in v o lv ed  p lacem en t  o f  a i r - d r i e d  Grenada s i l t  loam s o i l  
i n t o  a 0 .91  by 0.91-ra s o i l  pan on 2.5% s l o p e  w i t h  a c e n t r a l  t e s t  a r e a  
o f  0 .46 by 0.46-m.  Sim ulated  r a i n f a l l  o f  64 mm/hr was a p p l i e d  f o r  a 
60-minute  d ry  ru n  and f o r  two 30 -m inu te  wet and v e r y  wet  r u n s  f o r  each  
o f  t h e  s u r f a c e  s t r a w ,  i n c o r p o r a t e d  s t r a w ,  and combined s u r f a c e  and 
i n c o r p o r a t e d  s t r a w  t r e a t m e n t s .
The v a r i o u s  r a t e s  o f  s u r f a c e  s t r a w  had l i t t l e  e f f e c t  on t o t a l  
r u n o f f  from the  combined d r y ,  wet  and v e r y  wet  r u n s .  Runoff  s l i g h t l y  
i n c r e a s e d  w i t h  i n c r e a s i n g  r a t e s  o f  s t r a w  up t o  2 t / h a  and t h e n  onl y
170
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s l i g h t l y  d ec re a s ed  w i th  f u r t h e r  a d d i t i o n s  o f  s t r a w .  S t a t i s t i c a l l y  
s i g n i f i c a n t  r e g r e s s i o n s  r e l a t i n g  r u n o f f  (cm) w i t h  s u r f a c e  s t r a w  ( t / h a )  
were  o b t a i n e d  f o r  t h e  combined r u n s  and f o r  e a c h  s e p a r a t e  r u n ,  b u t  t h e  
sm a l l  n u m er ic a l  d i f f e r e n c e s  i n  r u n o f f  f o r  d i f f e r e n t  r a t e s  o f  s t r a w  
co u ld  n o t  acco u n t  f o r  any a p p r e c i a b l e  d i f f e r e n c e  i n  s o i l  l o s s .
I n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w  (0 ,  0 . 5 ,  1,  2, 4,  6 and 8 t / h a )
2
r e s u l t e d  i n  d e c re a s e d  r a t e s  o f  s o i l  l o s s .  T o t a l  s o i l  l o s s  (g /m ) from 
t h e  combined d r y ,  we t ,  and v e r y  wet  r u n s  d e c r e a s e d  w i t h  i n c r e a s i n g  
r a t e s  o f  s u r f a c e  s t r a w  ( t / h a )  as  fo l l o w s :
Ln ( S . L . )  = 6 .66  -  0 .302  (ST)
2S o i l  l o s s  (g/m ) d ec re a sed  as  a f u n c t i o n  o f  i n c r e a s i n g  s u r f a c e  
s t r a w  r a t e s  ( t / h a )  f o r  t h e  d r y ,  wet and v e r y  wet  r u n s  a s  fo l l o w s :
Dry Ln ( S . L . )  = 5 .63 -  0 .334 (ST)
Wet Ln ( S . L . )  = 5 .46 -  0 .258 (ST)
vlTry Wet Ln ( S . L . )  = 5 .59 -  0 .323 (ST)
S o i l  l o s s e s  from t h e  combined wet and v e r y  wet p e r i o d s  were
compared w i t h  t h a t  from t h e  d ry  p e r io d ,  g i v i n g  a com par i son o f  two 
60-minute  p e r i o d s  w i t h  v e r y  d i f f e r e n t  i n i t i a l  m o i s t u r e  c o n t e n t s .  The 
r a t i o  o f  s o i l  l o s s  f o r  t h e  60-minute  p e r i o d  u s i n g  t h e  combined wet  and 
v e r y  wet ru n s  a s  compared t o  t h e  60-minute  d ry  r u n  i n c r e a s e d  f rom 1 .8  
t o  2 .3  f o r  s u r f a c e  s t r a w  r a t e s  from 0 t o  8 t / h a .  Numerica l  d i f f e r e n c e s
9
i n  s o i l  l o s s  f o r  t h e  two p e r io d s  d e c r e a s e d  from 224 g/m f o r  0 t / h a  of
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s u r f a c e  s t r a w  t o  o n ly  28 g/m f o r  8 t / h a  o f  s u r f a c e  s t r a w .  The e q u a t i o n
2
f o r  s o i l  l o s s  (g/m ) a s  a f u n c t i o n  o f  s u r f a c e  s t r a w  ( t / h a )  f o r  t h e  
combined wet  and v e r y  wet ru n s  was:
Ln ( S . L . )  = 6 .22 -  0 .2 9  (ST)
An a n a l y s i s  o f  v a r i a n c e  showed t h a t  t h e  e f f e c t  o f  i n c o r p o r a t e d  
s t r a w  (0 ,  2 . 2 ,  4 . 5 ,  6 .7  and 9 t / h a )  on t o t a l  s o i l  l o s s  f rom combined 
d r y ,  wet and ver y  wet runs  was n o t  s i g n i f i c a n t .  An a n a l y s i s  o f  
v a r i a n c e  f o r  each o f  t h e  s e p a r a t e  ru ns  showed t h a t  t h e  e f f e c t  o f  
i n c o r p o r a t e d  s t r a w  on s o i l  l o s s  was i n s i g n i f i c a n t  f o r  wet and v e r y  wet 
r u n s  and j u s t  r e ached  s i g n i f i c a n c e  a t  t h e  5% l e v e l  f o r  dry  r u n s .  Even 
d u r i n g  d ry  ru n s  t h e  mean v a lu e s  o f  s o i l  l o s s  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f o r  r a t e s  o f  2.2 t h ro u g h  9 . 0  t / h a  o f  i n c o r p o r a t e d  s t r a w .  
There  was i n s u f f i c i e n t  ev id en c e  t o  conc lude any e f f e c t  o f  i n c o r p o r a t e d  
s t r a w  on e i t h e r  r u n o f f  o r  s o i l  l o s s .
There  was a l s o  i n s u f f i c i e n t  e v id e n c e  t o  c o n c lu d e  t h a t  r u n o f f  was 
a f f e c t e d  by i n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  f o r  d i f f e r e n t  l e v e l s  
o f  s u r f a c e  s t r a w .  The f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  sum o f  
r a i n u l a t o r  v a l u e s  from d r y ,  wet  and v e r y  wet  ru n s  showed no s t a t i s t i c a l  
s i g n i f i c a n c e  a t  t h e  5% l e v e l  f o r  e i t h e r  t h e  e f f e c t s  o f  i n c o r p o r a t e d  
s t r a w  r a t e s  o r  t h e  i n t e r a c t i o n  o f  s u r f a c e  s t r a w  r a t e s  and i n c o r p o r a t e d  
s t r a w  r a t e s .  A f a c t o r i a l  a n a l y s i s  f o r  e a ch  i n d i v i d u a l  t y p e  o f  ru n  
( d r y ,  wet  and very  wet)  a l s o  r e s u l t e d  i n  I n s i g n i f i c a n t  e f f e c t s  o f  
i n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  on r u n o f f  o v e r  two l e v e l s  o f  
s u r f a c e  s t r a w .  S i g n i f i c a n c e  f o r  t h e  e f f e c t  o f  i n c o r p o r a t e d  s t r a w  on
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r u n o f f  was j u s t  r e a c h e d  a t  t h e  5% l e v e l  f o r  d r y  r u n s  f o r  a  s u r f a c e
s t r a w  r a t e  o f  3 t / h a ;  however,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e
r e s u l t i n g  l i n e a r  e q u a t i o n  was o n ly  0 .46.  The mean v a l u e s  o f  r u n o f f  
d u r i n g  d r y  runs  f o r  i n c o r p o r a t e d  s t r aw  r a t e s  o f  1,  3,  5 and 7 t / h a  were 
2 . 5 2 ,  2 .4 9 ,  2 .61 and 2 .74 cm, r e s p e c t i v e l y .  D i f f e r e n c e s  i n  t h e s e  mean 
v a l u e s  a r e  n o t  l a r g e  enough t o  ca use  any a p p r e c i a b l e  d i f f e r e n c e s  i n  
s o i l  l o s s .
There  was i n s u f f i c i e n t  ev idence  t o  conc lu de t h a t  i n c o r p o r a t e d  
s t r a w  r a t e s  (1 ,  3, 5 and 7 t / h a )  o v e r  two l e v e l s  o f  s u r f a c e  s t r a w  (1
and 3 t / h a )  had any e f f e c t  on s o i l  l o s s  f o r  t h e  combined d r y ,  wet  and
v er y  wet r u n s .  The f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  d i d  show t h a t  
s i g n i f i c a n c e  was j u s t  reache d a t  t h e  5% l e v e l ;  however ,  e x a m in a t io n  o f  
t h e  e f f e c t s  o f  i n c o r p o r a t e d  s t r a w  on s o i l  l o s s  a t  t h e  i n d i v i d u a l  l e v e l s  
o f  s u r f a c e  s t r a w  i n d i c a t e d  i n s i g n i f i c a n c e  f o r  t h e  s u r f a c e  r a t e  o f  3 
t / h a .  Fu r th ermore ,  none o f  t h e  mean v a l u e s  o f  s o i l  l o s s  f o r  
i n c o r p o r a t e d  r a t e s  o f  1, 3, and 5 t / h a  were s i g n i f i c a n t l y  d i f f e r e n t  
when t h e r e  was a s u r f a c e  r a t e  o f  1 t / h a ,  and mean v a l u e s  o f  s o i l  l o s s  
f o r  t h e  1 and 7 t / h a  r a t e  o f  i n c o r p o r a t e d  s t r a w  were  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  A q u a d r a t i c  r e l a t i o n s h i p  between s o i l  l o s s  (g/m ) and 
i n c o r p o r a t e d  s t r a w  r a t e s  ( t / h a )  f o r  t h e  s u r f a c e  s t r a w  r a t e  o f  1 t / h a  
r e s u l t e d  i n  a s t a t i s t i c a l l y  s i g n i f i c a n t  f i t  t o  t h e  d a t a ,  b u t  t h e  
concave shape o f  t h e  curve  had no p h y s i c a l  b a s i s .  A s e p a r a t e  a n a l y s i s  
o f  v a r i a n c e  f o r  each  ty p e  o f  r u n  ( d r y ,  wet  and v e ry  wet)  d i d  n o t  r e s u l t  
i n  any s i g n i f i c a n t  e f f e c t s  o f  i n c o r p o r a t e d  s t r a w  on s o i l  l o s s  f o r  
e i t h e r  l e v e l  o f  s u r f a c e  s t r a w .
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R e s u l t s  o f  t h i s  s tudy  a g re ed  i n  s e v e r a l  a s p e c t s  w i t h  many o f  t h o s e  
d i s c u s s e d  i n  t h e  r e v ie w  o f  l i t e r a t u r e .  A d d i t i o n s  o f  s u r f a c e  s t r a w  were 
v e r y  e f f e c t i v e  i n  r e d u c in g  s o i l  l o s s ,  t h u s  a g r e e i n g  w i t h  r e s u l t s  
r e p o r t e d  by Harmon and Meyer (197 8) ,  Kramer and Meyer (1 969) ,  L a t t a n z i  
e t  a l .  (1974)  and Lang e t  a l .  ( 1984 ) .  The fo r m a t i o n  o f  a s u r f a c e  s e a l  
unde r  r a i n d r o p  impact  had a l s o  been n o ted  by o t h e r  r e s e a r c h e r s ,  
i n c l u d i n g  Hdwards (197 6) ,  Lang e t  a l .  (1984) and Meyer and Mannering 
(1 967) .
Smal l  cha nges  i n  r u n o f f  w i t h  d i f f e r e n t  l e v e l s  o f  s u r f a c e  s t r a w  
u nder  s i m u la t e d  r a i n f a l l  a g r eed  w i t h  l a b o r a t o r y  r e s u l t s  f o r  s u r f a c e  
s t r a w  r a t e s  up t o  2 t / h a  by Harmon and Meyer (1978) and L a t t a n z i  e t  a l .  
(1 9 7 4 ) ,  and w i t h  f i e l d  p l o t  r e s u l t s  by Meyer e t  a l .  (1970) f o r  s u r f a c e  
s t r a w  r a t e s  up t o  9 t / h a .  Harmon and Meyer (1978) and L a t t a n z i  e t  a l .  
(1974) d id  n o t e  r e d u c t i o n s  i n  r u n o f f  f o r  h igh  r a t e s  o f  s u r f a c e  s t r a w  i n  
t h e i r  l a b o r a t o r y  e x p e r im e n t s .  Mannering and Meyer (1963) a l s o  r e p o r t e d  
r e d u c t i o n s  i n  r u n o f f  f o r  i n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w  f o r  f i e l d  
p l o t  ex p e r im en t s  u nde r  s i m u la t e d  r a i n f a l l .  D i s s i m i l a r  r u n o f f  r e s u l t s  
b u t  s i m i l a r  s o i l  l o s s  t r e n d s  f o r  i n c r e a s i n g  r a t e s  o f  s u r f a c e  r e s i d u e s  
f o r  t h e  d i f f e r e n t  s t u d i e s  i n d i c a t e d  t h a t  a m a jo r  c o n t r i b u t i o n  o f  
s u r f a c e  r e s i d u e s  i n  reduc ing  i n t e r r i l l  s o i l  e r o s i o n  was t h e  p r o t e c t i o n  
o f  s o i l  from r a i n d r o p  impact .
A m aj o r  c o n t r i b u t i o n  o f  t h i s  s tu d y  was t h e  f i n d i n g  t h a t  
i n c o r p o r a t e d  s t r a w  had e s s e n t i a l l y  no e f f e c t  on i n t e r r i l l  s o i l  e r o s i o n  
o f  Grenada s i l t  loam s o i l .  Thi s  r e s u l t  was a t t r i b u t e d  t o  t h e  s u r f a c e  
s e a l i n g  o f  t h e  Grenada s i l t  loam s o i l .
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I n f o r m a t i o n  o b t a i n e d  from t h i s  s t udy  o f  t h e  e f f e c t s  o f  s t r aw  
r e s i d u e s  on s o i l  e r o s i o n  adds  t o  t h e  s t o r e  o f  b a s i c  knowledge ab o u t  t h e  
e f f e c t s  o f  r e s i d u e  placement  on s o i l  e r o s i o n .  E r o s i o n  d a t a  from t h i s  
s t u d y  and from s i m i l a r  l a b o r a t o r y  expe r i m en ts  a r e  u s e f u l  t o  o t h e r  
r e s e a r c h e r s  i n  d e s i g n i n g  f i e l d  expe r i m en ts  c o n c e rn i n g  t h e  e f f e c t s  o f  
r e s i d u e  p lacem en t  on s o i l  e r o s i o n .  R e s u l t s  o f  t h i s  s t u d y  d e a l i n g  w i th  
t h e  e f f e c t s  o f  s u r f a c e  r e s i d u e s  can  be  p a r t i c u l a r l y  u s e f u l  t o  t h o s e  
concerne d  w i t h  t h e  development and improvement o f  models  t h a t  d e a l  w i t h  
t h e  i n t e r r i l l  a s p e c t  o f  s o i l  e r o s i o n .
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CONCLUSIONS
Major c o n c lu s i o n s  o f  t h i s  s tu d y  a s  a p p l i e d  t o  Grenada s i l t  loam s o i l  
on a 2.5% s l o p e  w i t h  s i m u la t e d  r a i n f a l l  o f  64 mm/hr and c o n s i d e r i n g  
on ly  t h e  i n t e r r i l l  a s p e c t s  o f  t h e  e r o s i o n  p r o c e s s  a r e :
1. A p p l i c a t i o n s  o f  s u r f a c e  s t r a w  from 0 t o  8 t / h a  r e s u l t e d  i n  an  
e x p o n e n t i a l  d e c r e a s e  i n  s o i l  l o s s  f o r  t h e  sum o f  d r y ,  wet  and 
v e r y  wet  r u n s  and a l s o  f o r  e a c h  d r y ,  w e t ,  o r  v e r y  wet  ru n .
2. The d e c r e a s e  i n  s o i l  l o s s  f o r  i n c r e a s i n g  r a t e s  o f  s u r f a c e  
s t r a w  was n o t  due t o  any d e c r e a s e  i n  r u n o f f .  In f a c t ,  t h e r e  
was l i t t l e  change i n  r u n o f f  f o r  i n c r e a s i n g  r a t e s  of  s u r f a c e  
s t r a w ,  i n d i c a t i n g  l e s s  d e t ac h ed  s o i l  m a t e r i a l  was a v a i l a b l e  
f o r  t r a n s p o r t .
3. I n c r e a s i n g  r a t e s  o f  s u r f a c e  s t r a w  r e s u l t e d  i n  l e s s  s o i l  l o s s  
bec ause  t h e  i n c r e a s e d  cove r  p ro v id e d  i n c r e a s e d  p r o t e c t i o n  o f  
t h e  s o i l  s u r f a c e  from th e  impac t  o f  r a i n d r o p s .
4. The e f f e c t  on  r u n o f f  o f  i n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  
from 0 t o  9 t / h a  w i t h  ze ro  l e v e l s  o f  s u r f a c e  s t r a w  was 
i n s i g n i f i c a n t  a t  t h e  5% l e v e l  f o r  t h e  sun o f  d r y ,  w e t ,  and 
very  wet r u n s ,  and a l s o  f o r  t h e  i n d i v i d u a l  wet  r u n s .
5. There  was n o t  enough ev id en c e  t o  conc lu de any e f f e c t  on r u n o f f  
from d r y  o r  v e r y  wet  r u n s  f o r  i n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  
s t r a w  from 0 t o  9 t / h a  w i t h  z e ro  l e v e l s  o f  s u r f a c e  s t r a w .
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6. I n c r e a s i n g  r a t e s  o f  I n c o r p o r a t e d  s t r a w  from 0 t o  9 t / h a  w i t h  
ze ro  l e v e l s  o f  s u r f a c e  s t r a w  d i d  n o t  r e s u l t  I n  s i g n i f i c a n t  
changes  i n  t h e  sum o f  s o i l  l o s s e s  f rom d r y ,  wet  and v e r y  wet  
ru n s  o r  f o r  t h e  i n d i v i d u a l  wet  and v e ry  wet  r u n s .
7. There was n o t  enough ev id en c e  t o  conc lu de any e f f e c t  on  s o i l  
l o s s  from d ry  ru ns  caused  by i n c r e a s i n g  r a t e s  of  i n c o r p o r a t e d  
s t r a w  from 0 t o  9 t / h a  w i t h  z e ro  l e v e l s  o f  s u r f a c e  s t r a w .
8.  I n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  from 1 t o  7 t / h a  w i t h  
s u r f a c e  s t r aw  o f  1 o r  3 t / h a  had an  i n s i g n i f i c a n t  e f f e c t  a t  
t h e  5% l e v e l  on t h e  sum o f  r u n o f f  from d r y ,  wet  o r  v e r y  wet 
r u n s  and on r u n o f f  from i n d i v i d u a l  wet  o r  v e r y  wet  r u n s .
9. I n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  f rom 1 t o  7 t / h a  w i t h  
s u r f a c e  s t r a w  of 1 t / h a  had an  i n s i g n i f i c a n t  e f f e c t  a t  the  5% 
l e v e l  on  r u n o f f  from d ry  r u n s ,  and t h e r e  was i n s u f f i c i e n t  
ev idence  t o  conc lude any e f f e c t  on r u n o f f  o f  i n c o r p o r a t e d  
s t r a w  f o r  d r y  ru ns  when t h e r e  was s u r f a c e  s t r a w  o f  3 t / h a .
10. I n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  from 1 t o  7 t / h a  w i t h  a 
s u r f a c e  r a t e  o f  3 t / h a  had no e f f e c t  a t  t h e  5% l e v e l  on t h e  
sum of  s o i l  l o s s e s  from d r y ,  wet  and v e r y  wet  ru n s  o r  f o r  
i n d i v i d u a l  d r y ,  wet  o r  v e r y  wet r u n s .
11. I n c r e a s i n g  r a t e s  o f  i n c o r p o r a t e d  s t r a w  from 1 t o  7 t / h a  w i t h  a 
s u r f a c e  s t r a w  of  1 t / h a  had an  i n s i g n i f i c a n t  e f f e c t  a t  t h e  5% 
l e v e l  on s o i l  l o s s  from e i t h e r  d r y ,  wet  o r  v e r y  wet  runs ;  and
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t h e r e  was I n s u f f i c i e n t  ev id en c e  t o  conc lude any e f f e c t  on t h e  
sum o f  s o l i  l o s s e s  from d r y ,  wet  and v e r y  wet  r u n s .
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RECOMMENDATIONS FOR FURTHER RESEARCH
1. Determine t h e  e f f e c t  o f  I n c o r p o r a t e d  s t r a w  w i t h  and w i t h o u t  s u r f a c e  
s t r a w  on r i l l  e r o s i o n  o f  Grenada s l i t  loam s o i l  t o  complement  t h i s  
s tu d y  I n v o lv in g  I n t e r r i l l  e r o s io n .
2. Determine t h e  v a l i d i t y  o f  t h e  a ssum pt ion  t h a t  e q u a l  amounts  o f  s o i l  
and w a te r  a r e  sp la sh ed  I n t o  and o u t  o f  t h e  c e n t r a l  t e s t  a r e a  o f  t h e  
s o i l  pan.  R e s u l t s  o f  t h e  s tu d y  showed s l i g h t l y  b u t  c o n s i s t e n t l y  
h i g h e r  r u n o f f  r a t e s  f o r  I n c r e a s e s  o f  s u r f a c e  s t r a w  from 0 t o  1 o r  2 
t / h a .  These r e s u l t s  could  p o s s i b l y  have been ca u s ed  by l e s s  
m a t e r i a l  b e i n g  sp la sh ed  i n t o  t h a n  o u t  o f  t h e  t e s t  a r e a  f o r  t h e s e  
low r a t e s  o f  s u r f a c e  s t r a w  f o r  which t h e  h o r i z o n t a l  conpo ne n t  of  
s p l a s h  I s  g r e a t e r  t h an  w i t h  h i g h e r  r a t e s  o f  s u r f a c e  s t r a w .
3. I f  t h e  ass um pt ion  o f  eq u a l  s p l a s h  i n t o  and o u t  o f  t h e  t e s t  a r e a  i s  
f a l s e  f o r  t h e  low l e v e l s  o f  s u r f a c e  s t r a w ,  t h e n  r e - d e s i g n  the  
e x p e r i m e n t a l  a p p a r a t u s  u s i n g  a w i d e r  pan b o r d e r  a r e a  and a r a i n f a l l  
s i m u l a t o r  t h a t  p ro v id es  u n i fo rm  r a i n f a l l  i n t e n s i t i e s  f o r  t h e  t e s t  
and b o r d e r  a r e a s .  Repeat  t h e  measurement  o f  r u n o f f  and s o i l  l o s s  
f o r  t h e  a f f e c t e d  r a t e s  o r  a t  l e a s t  t h e  z e r o  r a t e  o f  s u r f a c e  s t r a w .
A. Expand t h e  scope of  t h e  s tudy  o f  t h e  e f f e c t s  o f  r e s i d u e s  on r u n o f f  
and e r o s i o n  t o  In c lu d e  o t h e r  t y p e s  of  r e s i d u e s  and o t h e r  s o i l s .
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DATA FOR
SURFACE STRAW = 1 t/ha and INCORPORATED STRAW = 1 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g) (g)
DRY RUNS
4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
12 0 . 0 0 0 . 0 0 2 . 0 8 0 . 0 0 0 . 0 0 0 . 0 0
16 1 9 . 6 8 . 3 0 2 2 7 . 8 4 1 . 3 8 1 3 . 8 9 . 0 2
20 2 0 6 . 3 3 1 . 9 1 4 6 2 . 1 6 2 . 7 8 2 2 6 . 4 2 1 . 1 2
24 4 3 8 . 2 3 4 . 5 1 5 8 6 . 3 2 4 . 1 5 3 8 6 . 7 6 2 . 1 0
28 4 4 2 . 5 5 2 . 0 7 6 1 7 . 4 9 3 . 0 4 4 3 8 . 7 5 2 . 3 0
32 4 9 9 . 5 2 2 . 1 5 6 4 5 . 5 2 3 . 5 6 4 9 1 . 5 3 2 . 2 5
36 5 3 1 . 0 2 2 . 8 7 6 8 2 . 8 3 3 . 8 9 5 2 3 . 8 5 2 . 5 2
40 5 5 6 . 8 8 2 . 6 5 6 7 0 . 3 2 3 . 5 3 5 4 0 . 7 2 2 . 3 0
44 5 8 4 . 2 5 2 . 7 0 7 1 1 . 1 4 3 . 6 9 6 0 5 . 6 4 4 . 7 4
48 6 0 2 . 7 6 3 . 0 1 7 2 7 . 2 8 3 . 8 1 6 4 2 . 4 9 2 . 5 3
52 6 0 2 . 0 3 2 . 9 1 7 1 1 . 0 0 3 . 4 8 5 9 0 . 9 8 2 . 5 9
56 6 4 2 . 2 9 3 . 5 6 7 4 6 . 1 1 3 . 9 9 6 5 0 . 2 3 3 . 0 9
60 6 6 5 . 2 2 3 . 5 7 7 5 3 . 8 4 3 . 7 6 6 5 0 . 5 1 3 . 2 7
P i p e l i n e  S o i l 1 5 . 0 8 1 2 . 8 6 1 2 . 1 6
WET RUNS
4 2 8 1 . 7 2 1 . 4 8 2 4 3 . 5 9 1 . 1 0 2 8 5 . 4 3 1 . 6 5
8 6 1 6 . 4 4 2 . 9 2 6 1 1 . 1 6 2 . 5 7 6 9 9 . 9 4 3 . 7 2
12 6 5 2 . 4 9 3 . 0 5 6 8 4 . 0 5 2 . 9 0 7 0 7 . 4 1 3 . 9 5
16 7 4 6 . 7 8 3 . 5 1 7 3 0 . 9 8 3 . 2 8 7 4 8 . 1 2 4 . 1 0
20 7 5 1 . 4 7 3 . 8 3 7 4 0 . 1 9 3 . 6 0 7 4 1 . 6 4 4 . 4 7
24 7 4 0 . 9 2 3 . 8 4 7 6 5 . 1 2 4 . 0 1 7 5 4 . 0 8 4 . 5 7
28 7 4 6 . 9 9 3 . 8 9 6 9 6 . 5 3 3 . 2 6 7 5 5 . 6 9 5 . 1 0
30 4 0 1 . 4 6 2 . 3 2 3 7 7 . 6 8 1 . 9 3 4 2 6 . 7 9 2 . 9 8
P i p e l i n e  S o i l 0 9 . 7 3 0 8 . 1 3 1 3 . 3 3
VERY WET RUNS
4 5 5 3 . 4 6 2 . 4 5 6 0 7 . 0 5 2 . 4 8 6 9 8 . 3 4 3 . 2 8
8 7 7 0 . 9 6 3 . 3 7 7 4 8 . 3 3 3 . 2 3 7 5 4 . 1 6 4 . 6 5
12 7 6 4 . 5 1 3 . 5 1 7 9 3 . 5 1 3 . 6 6 7 3 4 . 1 6 4 . 3 3
16 8 0 8 . 5 7 3 . 9 3 7 8 3 . 6 6 3 . 7 0 7 4 5 . 8 8 4 . 5 2
20 7 7 7 . 1 8 3 . 7 2 7 8 7 . 0 7 3 . 7 0 7 4 5 . 6 5 4 . 6 9
24 7 6 2 . 2 9 3 . 5 6 7 7 8 . 0 9 3 . 5 9 7 4 3 . 6 6 4 . 6 3
28 7 6 9 . 2 8 3 . 7 5 7 7 7 . 5 1 3 . 8 2 7 4 0 . 2 0 4 . 9 3
30 3 8 6 . 2 9 1 . 9 9 4 0 6 . 3 8 2 . 1 6 3 9 1 . 9 8 2 . 4 6
P i p e l i n e  S o i l 0 9 . 1 2 0 8 . 8 2 1 3 . 2 4
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DATA FOR
SURFACE STRAW = 1 t/ha and INCORPORATED STRAW = 3 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) ( g )  ( g ) ( g )  ( g ) (g) (g )
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 3.27 0.00 0.00 0.00
16 59.38 .20 60.56 .17 13.89 .02
20 304.38 1.64 291.48 1.54 226.42 1.12
24 429.14 2.07 407.07 1.86 386.76 2.10
28 510.90 2.76 477.66 2.16 438.75 2.30
32 518.41 2.47 582.08 4.23 491.53 2.25
36 563.40 3.14 557.71 2.25 523.85 2.52
40 580.56 2.78 578.89 2.35 540.72 2.30
44 593.40 2.92 599.68 2.62 605.64 4.74
48 614.34 3.02 610.19 3.04 642.49 2.53
52 626.84 3.06 634.54 3.01 590.98 2.59
56 634.92 2.81 648.59 3.22 650.23 3.09
60 681.85 3.23 669.52 3.21 650.51 3.27
Pipeline Soil 10.75 16.76 12.74
WET RUNS
4 385.31 2.32 246.38 1.08 285.43 1.65
8 706.27 3.25 561.82 2.76 699.94 3.72
12 701.67 2.86 715.99 3.36 707.41 3.95
16 728.23 2.82 739.51 3.79 748.12 4.10
20 737.11 3.36 754.08 3.72 741.64 4.47
24 781.04 3.65 763.26 3.95 754.08 4.57
28 719.45 3.50 766.70 4.09 755.69 5.10
30 366.25 1.86 386.97 2.33 426.79 2.98
Pipeline Soil 08.06 09.21 10.43
VERY WET RUNS
4 558.70 2.26 483.87 2.52 698.34 3.28
8 764.12 2.93 754.77 3.79 754.16 4.65
12 775.74 3.11 760.49 3.74 734.16 4.33
16 773.74 3.28 769.59 3.74 745.88 4.52
20 768.28 3.27 773.60 3.96 745.65 4.69
24 776.14 3.49 772.25 3.93 743.66 4.63
28 773.86 3.50 774.88 4.25 740.20 4.93
30 383.03 1.75 393.66 2.24 391.98 2.46
Pipeline Soil 06.12 06.14 07.27
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DATA FOR
SURFACE STRAW = 1 t/ha and INCORPORATED STRAW = 5 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) ( g )  ( g ) ( g )  (g) (g) <g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 5.98 .05 1.94 .02
16 33.60 .07 43.25 .14 41.02 .12
20 259.18 1.14 306.09 1.20 257.19 1.16
24 414.95 2.57 439.56 2.18 388.42 1.66
28 485.23 2.31 516.88 2.10 479.67 3.00
32 511.22 2.33 543.03 2.23 511.91 2.59
36 544.48 2.29 577.47 2.48 545.34 2.97
40 572.17 2.37 574.77 2.50 593.79 3.25
44 576.72 2.25 614.49 2.75 567.29 3.49
48 607.53 2.85 632.30 2.96 611.89 3.62
52 622.73 2.90 655.71 3.02 627.14 3.75
56 660.70 3.10 676.25 3.05 657.87 3.77
60 643.56 2.61 699.33 3.14 664.94 3.99
Pipeline Soil 11.04 17.25 17.91
WET RUNS
4 165.96 .64 335.08 1.57 390.83 2.25
8 695.20 3.05 696.00 3.07 711.74 3.47
12 781.77 3.36 731.52 3.40 724.14 3.87
16 652.33 2.90 729.64 3.56 727.20 4.26
20 722.09 3.50 736.39 3.53 749.90 4.49
24 746.77 4.02 739.04 3.79 738.61 4.55
28 742.38 4.19 752.92 4.02 748.91 4.79
30 378.32 2.10 382.06 2.12 373.70 2.47
Pipeline Soil 08.31 08.31 11.57
VERY WET RUNS
4 535.35 2.38 552.10 2.39 554.21 2.97
8 766.49 3.47 725.60 3.29 799.46 4.43
12 746.24 3.44 748.80 3.62 778.39 4.59
16 780.77 3.60 760.15 3.88 774.52 4.51
20 737.98 3.30 754.99 3.67 766.25 4.75
24 774.81 3.45 749.96 3.84 771.17 4.60
28 779.69 3.57 748.57 3.77 779.07 5.17
30 387.54 1.76 386.30 2.00 397.37 2.71
Pipeline Soil 07.80 03.29 11.43
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DATA FOR
SURFACE STRAW = 1 t/ha and INCORPORATED STRAW = 7 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) ( g ) (g) (g) ( g ) ( g)
DRY RUNS .
4 0.00 0.00 0.00 0.00 0.00 0.00
8 49.93 0.00 0.00 0.00 0.00 0.00
12 64.00 .03 5.22 0.00 0.00 0.00
16 77.19 .17 98.92 3.13 31.83 .15
20 332.24 1.21 339.12 2.59 241.69 1.15
24 530.57 2.52 413.79 2.95 456.17 3.31
28 542.35 2.57 544.36 5.10 530.59 2.61
32 542.35 2.57 557.77 3.12 463.86 2.46
36 635.74 3.39 586.31 3.71 551.51 3.30
40 579.08 2.74 599.35 3.53 568.42 3.49
44 599.32 2.91 630.07 3.59 581.50 3.95
48 636.91 4.48 633.57 3.39 633.27 3.60
52 626.78 3.38 666.85 3.60 644.01 3.76
56 566.17 4.03 667.05 4.25 661.26 4.32
60 753.12 3.57 693.70 4.25 695.92 4.38
Pipeline Soil 19.97 14.36 15.14
WET RUNS
4 284.20 1.07 270.41 1.42 374.94 2.52
8 623.76 2.74 683.24 3.81 753.86 4.23
12 724.73 3.28 759.41 4.32 762.41 4.62
16 737.39 3.49 751.09 4.36 774.35 4.82
20 742.06 3.34 774.90 4.59 778.50 5.53
24 796.99 3.41 760.01 4.52 774.45 5.31
28 754.18 3.61 770.41 4.89 782.47 5.30
30 388.90 3.12 396.30 2.80 401.87 2.93
Pipeline Soil 09.29 11.52 16.16
VERY WET RUNS
4 602.44 2.61 549.68 2.91 535.66 2.71
8 738.88 3.45 781.83 4.19 786.76 4.17
12 765.71 3.43 781.35 4.36 794.04 4.32
16 776.94 3.75 783.66 4.35 795.54 4.30
20 779.41 3.95 785.96 4.34 796.61 4.62
24 770.51 3.81 790.40 4.66 804.07 4.48
28 756.81 4.02 784.43 4.90 795.43 4.67
30 462.72 2.67 399.71 2.59 411.43 2.54
Pipeline Soil 09.78 10.96 10.16
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DATA FOR
SURFACE STRAW = 3 t/ha and INCORPORATED STRAW = 1 t/ha
REP # 1 REP # 2 REP * 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) ( g )  (g) ( g )  ( g ) (g) ( g )
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 4.21 0.00 0.00 0.00
16 4.21 0.00 8.92 0.00 1.55 0.00
20 13.71 0.00 19.89 .02 6.02 0.00
24 78.59 .68 100.55 .32 109.07 .06
28 260.02 2.10 325.01 1.12 302.59 .58
32 351.51 1.40 435.49 1.19 411.69 .71
36 555.36 2.99 521.41 1.61 510.56 1.60
40 544.94 1.70 579.98 1.25 543.85 1.20
44 621.29 1.77 576.56 1.32 597.20 1.42
48 657.18 2.26 731.05 1.57 662.05 1.97
52 673.95 2.07 746.20 1.67 708.83 1.52
56 694.86 2.14 742.24 2.03 733.76 1.67
60 714.77 2.02 743.72 2.18 744.94 1.76
Pipeline Soil 10.65 11.04 08.66
WET RUNS
4 321.49 1.43 308.17 1.11 583.25 1.70
8 732.87 2.02 784.45 2.67 791.99 2.22
12 746.83 2.20 801.46 2.48 774.55 1.94
16 765.50 1.97 801.82 2.34 794.60 1.85
20 752.58 1.72 807.04 2.20 860.77 2.25
24 746.28 1.66 847.47 1.97 734.54 1.85
28 765.79 1.65 866.85 2.36 790.25 1.92
30 373.22 .89 444.32 1.19 404.39 1.13
Pipeline Soil 05.96 06.02 07.39
VERY WET RUNS
4 392.91 1.16 396.30 1.00 421.12 1.15
8 784.40 1.69 859.67 1.83 831.77 1.84
12 741.64 1.42 826.70 1.68 784.62 2.62
16 780.64 1.35 811.99 1.57 819.40 1.65
20 781.45 1.38 830.94 1.69 811.25 1.66
24 762.48 1.29 820.37 1.73 812.78 1.69
28 777.82 1.36 848.12 1.84 825.60 1.67
30 386.13 .78 462.11 .95 417.35 .85
Pipeline Soil 03.68 05.09 03.99
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DATA FOR
SURFACE STRAW = 3 t/ha and INCORPORATED STRAW = 3 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) ( g )  (g) ( g )  (g) (g ) (g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 10.53 0.00 2.94 .14
16 12.08 .01 9.82 .01 4.87 0.00
20 17.49 0.00 27.45 .06 37.01 .02
24 52.34 .03 193.23 .92 214.37 .38
28 243.41 .25 331.70 1.46 319.67 .72
32 357.03 1.45 554.46 3.09 415.31 1.41
36 432.17 1.22 426.98 1.39 465.10 1.09
40 517.35 1.32 554.15 1.61 530.08 1.25
44 658.68 3.44 617.28 1.84 601.59 1.28
48 655.37 1.67 638.52 1.82 643.88 1.48
52 687.33 1.54 672.78 1.84 683.49 1.65
56 712.99 1.79 668.85 2.02 693.28 1.53
60 715.84 2.17 712.35 2.27 724.60 1.59
Pipeline Soil 11.19 09.25 09.92
WET RUNS
4 359.80 1.59 322.38 .96 293.67 1.01
8 762.47 2.62 733.14 1.85 763.03 2.10
12 791.99 2.37 739.21 1.81 763.19 1.81
16 788.44 2.20 759.29 1.83 758.14 1.68
20 786.92 2.23 760.87 1.83 775.58 1.73
24 796.70 2.22 760.59 1.66 764.27 1.56
28 815.94 2.12 759.98 1.62 772.76 1.55
30 406.98 1.16 386.99 .94 394.61 .91
Pipeline Soil 04.94 02.98 05.58
VERY WET RUNS
4 449.30 1.24 426.56 1.37 381.79 .90
8 813.77 1.89 755.67 1.70 765.14 1.53
12 811.71 2.15 747.26 1.70 774.73 1.45
16 839.71 1.91 766.16 1.67 786.44 1.34
20 787.50 1.72 780.10 1.65 779.03 1.32
24 822.76 1.73 787.94 1.60 780.03 1.36
28 820.00 1.92 780.25 1.64 789.46 1.30
30 416.27 1.06 393.15 .89 399.06 .74
Pipeline Soil 04.23 03.09 04.42
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DATA FOR
SURFACE STRAW = 3 t/ha and INCORPORATED STRAW = 5 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g ) ( g )
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 1.88 .04 2.61 .03
16 0.00 0.00 2.66 0.00 4.47 .02
20 15.67 .03 3.49 0.00 9.58 .02
24 176.17 .48 239.43 .69 128.75 .71
28 345.08 .93 452.30 1.21 296.00 1.26
32 414.51 .78 500.07 1.25 427.32 2.19
36 529.23 .95 534.71 1.45 459.82 1.17
40 626.70 1.22 569.02 1.65 524.12 1.46
44 597.39 1.00 656.18 1.81 604.18 1.68
48 717.53 1.30 719.09 2.26 642.25 1.58
52 757.50 1.20 662.69 1.59 679.53 1.58
56 717.71 1.24 703.57 1.89 698.65 1.67
60 717.10 1.61 753.03 1.87 720.96 1.70
Pipeline Soil 06.17 10.10 13.38
WET RUNS
4 365.80 1.89 273.82 .94 320.51 1.14
8 780.22 3.03 760.42 2.05 783.71 1.99
12 803.93 2.03 760.37 1.77 794.60 1.80
16 796.87 2.01 790.00 1.79 806.88 1.86
20 821.20 1.85 794.65 1.84 807.47 1.81
24 814.03 1.91 790.11 1.68 798.63 1.77
28 815.94 2.06 790.45 1.72 810.31 1.83
30 405.76 1.24 406.54 .97 414.75 .99
Pipeline Soil 06.52 03.78 07.64
VERY WET RUNS
4 443.49 1.05 386.71 .89 400.33 .98
8 852.42 1.67 799.72 1.57 799.01 1.56
12 777.21 1.40 792.25 1.39 784.75 1.46
16 817.41 1.43 794.47 1.37 799.47 1.54
20 804.12 1.53 787.67 1.40 799.21 1.44
24 830.76 1.43 805.19 1.33 794.74 1.46
28 817.81 1.11 777.19 1.61 808.65 1.46
30 423.94 .78 395.25 .73 407.89 .77
Pipeline Soil 04.77 04.87 06.59
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DATA FOR
SURFACE STRAW = 3 t/ha and INCORPORATED STRAW = 7 t/ha
REP # 1 REP # 2 REP # 3 .
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) ( g )  (g) ( g )  ( g ) ( g ) ( g )
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 7.18 .02
16 51.76 .01 6.93 0.00 4.16 .03
20 46.28 .02 83.38 0.00 27.00 .10
24 290.09 1.02 337.07 .51 211.99 .56
28 417.00 1.53 406.71 .67 365.58 .79
32 482.63 1.38 509.31 .96 495.06 2.39
36 582.33 1.68 555.98 1.06 522.90 1.26
40 581.21 1.52 580.36 1.04 560.31 1.24
44 631.94 1.96 623.04 1.17 627.19 1.50
48 675.93 2.01 662.86 1.47 656.52 1.63
52 643.75 1.98 719.57 1.69 717.28 1.87
56 713.58 2.27 691.72 1.69 709.62 2.22
60 746.28 2.29 729.03 1.56 724.91 1.73
Pipeline Soil 10.51 09.62 13.19
WET RUNS
4 343.91 1.29 298.49 .85 374.46 1.55
8 754.95 2.14 769.23 1.72 775.19 2.57
12 774.71 1.85 799.49 1.85 809.14 2.61
16 789.39 1.85 807.22 1.72 799.66 2.54
20 797.87 1.97 804.69 1.80 823.36 2.45
24 808.04 2.02 808.44 1.69 834.47 2.49
28 787.73 2.04 846.73 1.68 785.63 2.33
30 403.76 .97 416.46 .87 417.61 1.29
Pipeline Soil 04.47 03.22 09.72
VERY WET RUNS
4 411.69 1.26 393.52 .96 413.52 1.02
8 778.69 1.74 859.09 1.76 819.38 1.67
12 815.83 1.75 824.63 1.64 817.38 1.71
16 850.55 1.71 839.68 1.67 825.70 1.70
20 812.39 1.74 841.66 1.69 824.11 1.75
24 866.12 1.59 827.48 1.71 841.52 1.78
28 812.50 1.67 827.24 1.64 771.34 1.79
30 418.32 .94 419.13 .89 411.15 1.05
Pipeline Soil 05.84 04.84 05.64
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 0 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g) (g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 2.41 .04 2.50 .01 0.00 0.00
16 110.50 1.76 153.48 1.11 65.95 .25
20 264.81 2.22 306.00 1.67 265.68 1.90
24 321.70 2.49 368.08 1.95 345.47 2.14
28 370.98 2.38 412.63 2.35 383.00 2.33
32 394.84 2.71 441.54 2.78 414.23 2.47
36 420.69 2.55 460.73 2.48 431.38 2.62
40 430.73 2.72 475.50 2.59 443.84 2.74
44 471.31 4.08 509.46 2.85 476.29 3.05
48 468.68 2.92 490.64 2.75 475.57 3.09
52 485.86 3.08 535.24 2.96 509.49 3.12
56 489.73 3.03 510.77 2.90 512.23 3.23
60 514.22 3.36 560.80 3.05 632.86 4.07
P 19.57 20.61 25.89
WET RUNS
4 213.65 1.10 344.68 1.70 290.65 2.00
8 331.63 1.48 546.77 2.85 608.53 5.40
12 383.12 2.03 621.71 3.40 614.42 3.55
16 523.39 3.41 656.89 3.95 615.59 3.87
20 598.12 4.62 699.15 4.32 724.55 5.00
24 651.09 5.28 620.31 4.18 513.90 3.64
28 655.25 5.50 689.43 4.92 629.72 4.58
30 329.41 2.95 335.29 2.67 319.81 2.74
P 9.19 15.28 14.76
VERY WET RUNS
4 416.39 3.17 530.30 3.16 506.77 3.22
8 699.34 5.01 743.49 4.71 607.78 4.39
12 683.63 5.28 653.93 4,37 685.34 4.71
16 663.61 5.35 691.61 4.81 639.53 4.75
20 680.79 5.73 712.23 5.02 653.06 5.33
24 683.50 5.70 692.03 5.03 613.96 6.33
28 689.10 5.97 720.66 5.36 730.55 5.75
30 343.10 2.98 347.89 2.85 298.99 3.00
P 11.68 11.05 15.80
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 0.5 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g) (g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 3.49 .04 0.00 0.00
16 36.34 .18 20.85 .05 30.98 .05
20 218.74 1.01 168.97 1.18 251.17 .92
24 345.68 2.31 312.68 1.50 407.16 2.34
28 377.19 2.21 380.91 1.80 454.14 2.05
32 466.09 2.30 426.36 2.36 500.32 2.51
36 383.34 2.22 457.64 3.02 510.99 2.67
40 456.36 3.51 495.16 3.48 519.27 3.11
44 482.20 3.29 512.45 3.57 554.11 2.87
48 494.85 2.87 542.49 3.53 597.74 2.84
52 499.31 3.16 565.74 4.02 607.82 3.26
56 527.89 3.26 602.29 4.38 581.20 3.06
60 550.56 3.59 623.39 4.85 686.41 3.66
P 19.21 20.29 22.38
WET RUNS
4 200.29 1.44 285.07 1.37 298.51 1.42
8 573.91 3.46 693.31 4.12 650.51 2.87
12 654.93 3.88 722.87 5.14 673.17 2.87
16 675.53 4.63 757.84 4.95 687.20 3.16
20 711.33 5.47 744.83 5.76 690.29 3.38
24 724.12 6.35 718.85 5.77 716.97 3.68
28 747.24 7.09 737.15 6.23 695.66 3.86
30 379.40 3.65 388.07 3.36 344.16 1.99
P 12.17 15.40 6.84
VERY WET RUNS
4 588.10 4.86 671.96 4.37 539.02 2.72
8 749.69 6.06 678.07 4.44 739.90 3.81
12 754.19 6.30 703.74 5.90 694.05 3.62
16 745.67 6.66 748.04 4.13 730.42 3.82
20 746.26 7.32 746.88 6.23 719.74 3.93
24 750.25 7.35 732.08 6.03 733.86 4.32
28 732.17 7.52 718.34 5.52 729.24 4.59
30 397.33 4.19 320.44 2.97 355.77 2.43
P 20.29 14.71 14.66
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 1 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g) (g)
DRY RUNS
4 7.61 .06 0.00 0.00 0.00 0.00
8 3.89 .06 2.65 .02 0.00 0.00
12 5.61 .06 5.05 0.00 0.00 0.00
16 7.55 .03 5.67 .01 0.00 0.00
20 198.70 .94 71.48 .18 27.10 .10
24 389.67 1.52 308.33 1.49 255.37 1.21
28 452.91 1.68 387.05 1.31 329.99 1.43
32 501.65 1.72 442.27 1.42 407.89 1.61
36 568.19 2.08 476.09 1.57 438.92 1.73
40 574.62 2.27 518.25 1.84 493.86 2.48
44 594.86 2.42 552.42 1.88 507.46 2.28
48 630.19 2.88 581.60 2.13 548.56 2.50
52 689.98 3.42 632.67 2.46 578.44 3.03
56 708.00 3.18 670.39 2.98 623.77 3.18
60 735.12 3.42 683.34 3.12 644.11 3.84
P 14.46 18.33 19.50
WET RUNS
4 388.36 2.35 378.02 1.49 304.96 2.35
8 751.06 4.22 758.74 4.14 697.08 4.29
12 734.53 4.35 757.76 3.92 724.06 4.21
16 743.20 4.66 769.68 4.23 739.00 4.57
20 748.39 4.70 758.59 4.19 734.07 4.74
24 735.59 4.66 776.25 4.57 737.41 4.76
28 737.15 4.40 763.47 4.72 739.90 4.99
30 375.07 2.51 388.65 2.44 374.13 2.70
P 11.88 12.84 8.97
VERY WET RUNS
4 537.23 2.62 580.00 3.04 535.71 3.24
8 750.38 4.08 652.78 5.54 683.28 4.12
12 786.46 4.09 662.25 3.17 716.13 4.42
16 787.56 4.29 745.15 4.30 718.45 4.52
20 808.49 4.37 776.79 4.64 724.88 4.68
24 767.28 4.47 827.09 4.83 731.31 4.80
28 780.30 4.38 707.22 4.31 744.17 4.91
30 392.94 2.30 392.81 2.49 374.07 2.41
P 10.21 11.81 9.94
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 2 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g )  (g) ( g )  ( g ) ( g ) ( g )
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 2.79 0.00 .98 0.00 0.00 0.00
16 4.65 0.00 2.53 .01 4.79 .01
20 22.10 .01 8.69 .01 29.54 .05
24 148.60 .60 110.21 .31 234.78 .92
28 301.79 1.27 326.44 1.59 351.71 1.20
32 371.25 1.53 374.43 1.31 413.39 1.17
36 456.92 1.51 438.11 1.60 504.16 2.19
40 490.28 1.83 456.95 2.15 548.98 2.19
44 587.39 2.39 542.10 2.39 590.90 2.20
48 665.93 3.12 608.14 3.11 638.94 2.43
52 729.68 4.47 630.13 3.51 709.85 3.08
56 755.44 4.27 698.00 3.67 716.81 3.37
60 765.98 4.33 721.53 4.30 749.70 3.01
P 10.15 12.94 15.96
WET RUNS
4 410.19 2.22 438.51 2.93 382.93 1.94
8 793.70 3.38 788.45 4.28 773.34 3.45
12 808.62 4.61 808.64 4.46 820.04 3.39
16 819.80 5.59 812.19 4.51 813.70 3.51
20 813.01 5.57 791.90 4.76 821.65 3.53
24 822.80 5.49 795.87 4.81 832.71 3.74
28 827.50 5.58 789.97 4.91 806.77 3.94
30 413.89 2.81 402.55 2.73 404.86 2.72
P 11.95 6.95 9.49
VERY WET RUNS
4 502.24 2.39 528.40 2.65 486.01 1.72
8 836.63 3.99 798.44 3.63 794.32 2.72
12 833.53 3.88 792.50 3.70 812.68 2.74
16 823.62 3.88 798.10 3.73 805.66 2.60
20 807.17 3.96 806.84 4.16 803.69 2.77
24 807.49 3.86 797.89 4.66 798.63 2.78
28 789.15 3.76 840.40 4.34 805.23 2.84
30 404.53 2.02 396.88 2.02 406.07 1.48
P 11.66 9.60 5.22
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 4 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) (g) (g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 1.44 0.00 0.00 0.00
12 0.00 0.00 4.94 .02 0.00 0.00
16 3.19 .05 5.16 .02 0.00 0.00
20 9.97 .07 6.22 .02 46.67 .06
24 25.90 .08 6.68 .02 10.68 .02
28 153.51 .49 8.91 .01 60.97 .04
32 281.16 .60 92.34 .16 194.18 .21
36 386.04 .93 280.69 .68 331.59 .37
40 602.49 1.60 464.93 .99 469.01 .53
44 691.69 1.62 652.27 1.80 733.42 .65
48 746.46 1.51 697.22 1.20 749.08 .66
52 753.72 1.57 717.73 1.19 783.05 .76
56 768.38 1.50 713.30 1.17 648.96 .58
60 776.26 1.50 718.35 1.16 636.78 .58
P 10.32 7.31 2.38
WET RUNS
4 277.13 1.08 276.14 .84 211.06 .56
8 761.10 2.15 753.81 1.85 721.55 1.24
12 765.69 2.04 779.11 1.52 752.31 1.06
16 777.12 1.92 772.15 1.48 750.35 .96
20 782.05 1.92 763.31 1.39 764.79 .88
24 786.67 1.87 818.25 1.40 766.97 .81
28 798.30 1.87 770.85 1.37 803.61 .80
30 394.23 .98 391.98 .82 399.75 .47
P 2.38 5.59 4.32
VERY WET RUNS
4 372.84 .74 359.55 .71 302.29 .34
8 789.42 1.54 771.81 1.60 744.84 .81
12 790.51 1.45 804.34 1.35 707.00 .78
16 793.86 1.43 789.50 1.33 846.89 .77
20 783.74 1.31 792.06 1.30 777.62 .73
24 796.19 1.33 798.99 1.48 780.99 .66
28 799.50 1.35 793.75 1.25 793.81 .66
30 400.87 .78 407.32 .72 383.17 .38
P 5.60 4.77 2.70
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 6 t/ha
REP # 1 REP # 2 REP # 3
SOIL SOIL SOIL
TIME RUNOFF LOSS RUNOFF LOSS RUNOFF LOSS
(MIN) (g) (g) (g) (g) <g) (g)
DRY RUNS
4 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 2.67 .03 0.00 0.00
16 1.56 0.00 4.56 .02 0.00 0.00
20 18.97 0.00 6.23 .02 4.50 .02
24 18.37 0.00 6.25 0.00 15.06 .04
28 95.10 .07 5.99 .06 9.04 .03
32 191.69 .21 20.83 .02 52.33 .02
36 273.02 .32 98.00 .24 191.99 .11
40 420.27 .52 431.47 .96 414.81 .38
44 568.83 .59 643.37 1.00 575.50 .49
48 636.57 .68 636.29 .74 638.66 .44
52 684.50 .68 668.01 .80 675.94 .36
56 703.95 .69 674.04 .72 676.08 .38
60 733.41 .81 699.92 .76 698.09 .34
P 6.14 7.33 3.24
WET RUNS
4 379.57 .76 198.05 .45 167.45 .32
8 568.80 1.00 740.20 .96 695.99 .91
12 752.37 1.01 782.14 1.08 744.26 .73
16 774.46 1.00 792.29 .85 737.29 .67
20 777.48 .89 801.23 .64 797.18 .66
24 779.19 .88 758.18 .59 804.41 .68
28 781.03 .93 779.54 .55 802.98 .59
30 393.60 .50 375.96 .50 384.78 .36
P 7.30 3.03 2.97
VERY WET RUNS
4 260.18 .44 262.99 .34 213.69 .20
8 767.35 1.11 788.07 .81 746.29 .51
12 788.08 1.02 754.87 .74 767.83 .47
16 783.06 .99 764.10 .68 761.62 .40
20 780.99 .90 779.06 .59 751.14 .37
24 791.36 .95 765.25 .58 779.81 .38
28 793.61 .94 779.46 .58 757.01 .40
30 398.99 .49 386.60 .31 405.82 .28
P 6.57 4.42 1.92
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH SURFACE STRAW OF 8 t/ha
TIME
MIN)





















4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
8 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
12 5 . 1 9 0 . 0 0 0 . 0 0 0 . 0 0 7 . 8 9 . 0 3
16 7 . 0 7 0 . 0 0 3 . 1 6 . 0 8 8 . 5 4 . 0 5
20 6 . 7 2 . 0 1 5 . 9 4 . 0 2 8 . 4 6 . 0 1
24 1 5 . 3 2 . 01 6 . 5 6 . 0 5 1 1 . 8 8 . 0 3
28 1 4 . 4 7 . 02 2 0 . 2 4 . 0 2 2 3 . 0 0 . 0 3
32 4 1 . 6 6 . 0 1 1 3 1 . 9 2 . 1 2 6 3 . 0 2 . 0 4
36 1 3 9 . 0 1 . 03 2 4 2 . 8 4 . 2 4 1 5 5 . 5 8 . 1 3
40 3 1 1 . 7 2 . 20 3 5 5 . 3 8 . 3 6 3 3 2 . 1 0 .33
44 5 6 9 . 2 0 . 4 1 4 6 6 . 7 0 . 2 8 5 4 3 . 7 2 . 3 9
48 6 7 9 . 0 9 . 52 5 2 5 . 7 1 . 3 5 7 0 0 . 5 2 . 4 0
52 6 8 7 . 7 6 . 40 5 5 1 . 4 0 . 2 2 6 4 7 . 6 6 . 3 6
56 6 9 9 . 2 1 . 49 5 5 6 . 5 6 . 3 2 7 2 4 . 2 7 . 3 7
60 6 9 0 . 8 8 . 30 5 6 2 . 9 0 . 2 9 6 4 9 . 5 6 . 3 2
P . 34 1 . 4 6 2 . 3 1
WET RUNS
4 1 5 9 . 6 2 . 24 1 0 8 . 3 6 . 3 7 1 3 9 . 6 5 .33
8 7 1 0 . 5 2 . 67 6 2 6 . 9 6 1 . 3 8 7 6 4 . 8 5 . 8 3
12 7 7 3 . 0 2 . 66 6 6 7 . 6 9 . 9 1 7 5 0 . 4 8 . 5 7
16 7 7 6 . 2 8 . 4 0 6 7 8 . 1 0 . 6 6 7 6 3 . 0 7 . 5 3
20 7 8 4 . 6 7 . 34 6 9 6 . 1 9 . 6 9 7 6 9 . 8 1 . 5 3
24 8 4 2 . 1 5 . 34 7 1 0 . 1 5 . 6 1 7 6 7 . 8 2 . 4 3
28 7 1 6 . 3 5 . 2 9 6 9 3 . 5 2 . 5 1 7 6 1 . 1 4 . 3 7
30 3 8 5 . 2 7 . 14 3 6 4 . 3 0 . 3 2 3 8 0 . 7 4 . 2 6
P 1 . 6 6 3 . 7 8 3 . 0 1
VERY WET RUNS
4 1 9 6 . 3 4 . 1 0 1 4 2 . 4 1 . 2 3 1 9 6 . 5 1 . 1 4
8 7 4 1 . 9 5 . 37 6 6 3 . 9 5 . 6 2 7 1 1 . 7 8 . 4 6
12 7 4 7 . 9 3 . 31 6 8 6 . 6 8 . 5 2 7 4 2 . 6 8 . 3 4
16 7 6 1 . 1 2 . 26 7 4 4 . 3 9 . 4 2 9 0 4 . 4 3 . 2 7
20 7 6 1 . 5 3 . 20 7 0 4 . 6 7 . 3 9 7 7 6 . 0 6 . 3 0
24 7 5 1 . 5 3 . 23 7 2 3 . 4 0 . 4 2 8 3 1 . 7 5 . 3 0
28 7 0 8 . 2 1 . 19 7 3 6 . 8 7 . 3 8 7 6 0 . 9 5 . 1 7
30 3 8 1 . 3 6 . 1 1 3 5 9 . 4 5 . 2 1 3 8 6 . 3 7 . 1 3
P 1 . 9 3 2 . 7 6 2 . 4 1
P = Soil from pipeline cleanout
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APPENDIX C
RUNOFF AND SOIL LOSS DATA COLLECTED DURING RUNS FOR 
PLOTS WITH DIFFERENT RATES OF INCORPORATED STRAW
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2 0 1
DATA FOR















4 .00 .00 .01 .01 .01
8 .00 .00 .01 .01 3.98
12 14.86 13.60 31.60 7.87 7.81
16 275.61 275.56 238.13 173.71 140.07
20 374.32 380.40 365.56 317.92 262.78
24 428.20 425.25 399.08 383.57 334.60
28 462.48 448.87 433.66 423.77 383.69
32 478.39 473.98 434.66 451.88 417.66
36 501.95 508.82 485.50 470.47 443.46
40 508.67 506.12 503.17 490.90 451.01
44 514.96 526.45 508.40 503.09 474.72
48 525.85 536.46 530.64 519.50 497.95
52 541.33 556.55 539.71 531.79 497.04
56 548.01 554.15 534.44 542.76 529.97
60 558.65 591.84 572.99 559.42 559.17
WET RUNS 
4 316.10 179.85 206.96 220.41 210.43
8 503.82 351.79 331.00 456.02 319.05
12 518.89 421.11 486.45 579.19 582.04
16 556.85 617.62 617.33 641.02 641.59
20 500.78 632.44 655.85 664.68 653.30
24 576.24 728.93 674.14 681.90 704.58
28 649.72 733.50 692.97 727.16 730.74




584.13 397.69 576.73 614.55 610.43
8 719.99 766.76 693.43 727.94 726.47
12 722.61 774.57 723.84 751.20 732.48
16 723.90 752.00 741.21 745.52 735.57
20 716.58 759.57 751.40 756.96 740.10
24 732.10 778.15 746.74 742.71 731.63
28 731.27 767.34 749.39 748.99 729.37
30 364.64 386.48 371.63 378.82 369.92
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2 0 2
DATA FOR













4 .00 .00 .01 .01 .01
8 .00 .00 .01 .01 .01
12 .24 .03 .11 .01 .02
16 4.75 3.62 1.68 1.08 .70
20 3.15 2.92 2.93 2.08 1.55
24 3.41 3.17 2.28 2.75 2.21
28 4.92 3.22 2.88 3.21 2.49
32 3.57 3.36 2.76 3.18 2.58
36 4.22 3.78 3.15 3.21 2.60
40 4.21 3.77 3.33 3.69 3.04
44 4.16 3.84 3.22 3.60 2.88
48 4.09 3.72 3.38 3.58 3.31
52 4.12 3.38 3.62 3.43 3.33
56 4.12 3.49 3.54 3.49 3.76
60 3.95 3.71 4.00 3.45 3.81
P 16.25 20.07 13.10 17.76 22.09
WET RUNS 
4 2.18 .65 1.19 1.60 1.00
8 2.91 1.38 1.67 2.93 1.56
12 3.13 2.22 3.87 4.18 4.67
16 3.70 4.28 5.56 5.47 5.39
20 3.81 4.84 6.73 6.32 5.89
24 5.00 6.86 7.31 7.10 7.01
28 6.17 7.04 7.67 7.98 7.66
30 3.44 3.69 3.95 4.48 4.23




5.10 3.10 3.94 4.67 5.79
8 6.75 5.79 5.33 6.12 6.80
12 7.21 6.37 6.74 6.91 6.84
16 7.31 6.70 7.00 7.17 6.82
20 7.29 7.45 7.42 7.54 7.01
24 7.81 7.77 7.58 7.86 6.72
28 7.75 7.54 7.84 8.08 6.82
30 3.87 3.95 3.71 4.01 3.69
P 9.21 16.20 10.69 20.05 19.21
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH INCORPORATED STRAW OF 2.2 t/ha







RUNOFF SOIL LOSS 
(g )  ( g )
DRY RUNS
4 .56 .01 .01 .01
8 3.79 .01 4.40 .01
12 33.69 .21 23.70 .02
16 414.24 7.10 275.85 1.70
20 448.84 4.86 419.93 2.84
24 512.27 9.15 455.97 2.50
28 510.97 6.93 487.06 2.70
32 514.67 5.49 522.36 3.23
36 549.97 5.08 544.05 3.55
40 552.91 5.00 543.71 3.43
44 560.29 5.10 556.58 3.65
48 568.71 5.39 576.11 3.92
52 580.61 5.15 583.36 3.81
56 591.91 4.75 587.38 3.59
60 602.54 4.78 599.04 4.00
P 17.26 25.65
WET RUNS
4 289.99 1.60 276.25 1.40
8 464.32 2.48 551.19 2.98
12 454.66 2.58 666.50 4.49
16 428.91 2.59 651.33 3.62
20 514.19 4.08 707k 67 5.12
24 591.71 5.35 699.90 5.71
28 596.01 5.69 720.36 6.28
30 306.25 2.98 358.41 3.35
P 14.04 16.22
VERY WET RUNS
4 506.20 4.55 607.79 3.92
8 736.46 7.45 734.38 5.40
12 736.54 7.95 733.39 5.81
16 742.07 8.18 741.28 6.16
20 749.14 8.86 752.89 6.92
24 749.64 8.67 743.93 6.93
28 719.67 8.47 768.23 7.02
30 366.83 4.49 360.05 3.27
P 9.89 13.03
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH INCORPORATED STRAW OF 4.5 t/ha
REP # 1 REP # 2
TIME RUNOFF SOIL LOSS RUNOFF SOIL LOSS
(MIN) (g) (g) (g) (g)
DRY RUNS
4 .01 .01 .01 .01
8 .01 .01 5.06 .01
12 34.54 .56 15.11 .01
16 269.80 3.21 193.20 1.20
20 400.71 3.77 366.98 2.97
24 439.43 3.07 407.86 2.63
28 485.67 3.96 444.46 3.01
32 501.72 4.02 466.77 3.32
36 519.82 4.43 489.93 3.34
40 526.73 4.34 499.15 3.34
44 532.83 4.38 519.51 3.69
48 568.39 4.65 532.45 3.34
52 555.44 4.29 546.90 3.64
56 576.37 4.21 558.03 3.40
60 576.77 4.31 572.85 3.30
P 21.97 21.15
WET RUNS
4 286.86 1.49 97.35 .18
8 565.09 2.55 350.47 1.65
12 626.89 3.31 513.81 3.04
16 652.05 3.88 692.67 4.68
20 681.87 4.55 702.83 5.11
24 699.54 5.14 706.62 5.65
28 707.92 5.69 742.41 6.21
30 356.98 2.97 384.51 3.55
P 12.11 11.17
VERY WET RUNS
4 587.13 3.32 606.70 4.97
8 727.42 4.99 751.31 6.42
12 722.80 5.96 792.06 7.44
16 744.24 6.41 768.69 7.43
20 746.84 6.95 736.92 8.13
24 757.89 7.69 865.94 8.28
28 757.40 7.87 837.01 9.12
30 381.60 4.26 396.50 4.57
P 11.33 22.43
P = Soil from pipeline cleanout
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RUNOFF AND SOIL LOSS DATA FOR
PLOTS WITH INCORPORATED STRAW OF 6.7 t/ha
REP # 1 REP # 2
TIME RUNOFF SOIL LOSS RUNOFF SOIL LOSS
(MIN) (g) (g) (g) (g)
DRY RUNS
4 .20 .03 .99 .03
8 5.74 .04 3.38 .04
12 157.79 1.76 78.58 .47
16 437.55 4.44 346.67 3.30
20 554.38 5.84 409.64 2.96
24 531.53 4.42 452.56 3.10
28 551.95 4.58 469.03 3.41
32 579.06 5.69 506.26 3.40
36 582.00 4.66 501.76 3.57
40 593.26 4.95 526.94 3.81
44 601.95 4.87 544.03 3.74
48 606.43 4.86 556.55 3.97
52 615.99 5.02 568.39 4.26
56 620.09 4.89 565.33 4.20
60 631.09 4.75 585.11 4.18
P 22.96 22.22
WET RUNS
4 237.93 1.23 200.85 .82
8 604.94 3.08 374.86 2.19
12 618.26 3.48 472.59 2.84
16 600.69 3.89 541.46 3.67
20 657.68 4.95 630.51 5.17
24 668.64 5.15 648.33 5.71
28 674.70 5.42 703.47 6.58
30 344.30 2.92 347.51 3.40
P 11.71 15.83
VERY WET RUNS
4 570.46 3.96 547.39 3.91
8 700.50 5.04 707.66 5.82
12 710.91 5.63 698.83 6.32
16 717.80 6.39 708.96 6.79
20 699.03 5.72 710.01 6.89
24 708.67 6.36 742.14 7.49
28 717.81 7.11 724.40 7.48
30 358.02 3.47 380.01 3.97
P 13.84 20.98
P = Soil from pipeline cleanout
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4 .30 .46 .00 .00 .01
8 1.85 6.90 .00 .00 38.21
12 198.61 135.61 46.32 88.46 66.25
16 411.39 356.85 331.60 371.81 296.49
20 481.75 418.66 412.11 445.88 383.30
24 515.60 491.06 453.72 491.83 426.75
28 548.42 484.18 485.10 522.74 468.70
32 578.90 495.06 500.64 547.70 479.79
36 601.57 510.13 523.05 561.30 499.65
40 596.63 530.10 527.98 566.05 513.49
44 601.15 531.12 531.70 589.34 532.81
48 614.22 537.79 543.70 587.90 540.35
52 620.54 551.68 562.08 601.52 552.92
56 619.33 554.96 565.95 612.41 564.18
60 621.43 551.95 583.29 612.13 988.06
WET RUNS 
4 188.47 156.07 274.96 321.60 223.38
8 477.45 546.89 574.63 568.20 654.90
12 577.94 603.02 640.20 594.06 668.03
16 648.89 643.56 419.24 623.67 676.39
20 693.92 656.24 514.17 648.83 696.85
24 705.14 654.81 674.50 673.22 702.79
28 711.10 655.39 677.97 700.29 691.43




587.36 533.91 570.12 578.88 568.36
8 715.11 665.50 702.96 718.07 714.23
12 735.19 672.68 705.42 723.27 717.59
16 716.02 673.89 702.34 732.02 752.12
20 731.48 679.13 724.25 737.92 700.33
24 735.82 673.11 702.58 743.96 758.27
28 719.68 688.93 725.03 739.23 695.95
30 383.48 340.79 360.96 370.46 380.05
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4 .01 .00 .00 .00 .01
8 .04 .00 .00 .00 .04
12 7.85 1.02 .28 1.05 .34
16 6.09 3.08 3.24 2.31 1.87
20 6.54 3.47 3.29 2.89 2.49
24 5.71 5.36 3.14 3.87 2.97
28 5.54 3.86 3.35 4.44 3.39
32 5.61 4.18 3.57 4.81 3.47
36 5.17 4.29 4.36 4.78 3.54
40 5.59 5.28 3.38 4.80 3.63
44 5.12 4.52 3.56 4.94 3.74
48 5.20 4.48 3.97 4.50 3.57
52 4.84 4.58 4.20 4.47 4.32
56 4.94 4.79 4.60 4.64 3.99
60 5.34 4.50 4.35 4.47 3.94
P 10.51 21.93 24.59 23.15 24.89
WET RUNS 
4 .74 1.02 1.41 1.34 1.15
8 2.51 3.76 3.04 2.57 3.60
12 3.72 4.56 3.60 2.97 3.96
16 4.92 4.92 4.89 3.45 4.30
20 5.92 5.42 3.42 4.06 4.79
24 6.39 5.85 4.75 4.63 5.35
28 6.98 6.17 5.01 5.41 5.58
30 5.02 3.39 2.51 2.97 3.03




4.16 4.07 3.27 3.56 3.74
8 5.59 5.81 4.32 4.98 5.28
12 6.44 6.24 4.80 5.37 5.70
16 6.28 6.16 4.93 5.71 6.54
20 7.16 6.53 5.57 6.22 6.47
24 6.86 6.84 5.55 6.67 7.33
28 7.19 7.33 6.11 6.72 7.11
30 4.21 3.69 3.13 3.46 3.77
P 10.42 20.03 15.18 12.54 23.94
P = Soil from pipeline cleanout
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The a u th o r  r e c e iv e d  th e  B ach e lo r  o f  S c ie n c e  d e g re e  i n  A g r i c u l t u r a l  
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